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TIlE EFFECT OF LUBRICATING OIL VISCOSITY 
ON PISTON RING WEAR 

AS DETERMINED BY RADIOACTIVE TRACER 

INT:ODUCTI ON 

Proper 1uòiication of the modern hih speed internal 

cornbu8tion on,ine is one or bho groat problems facin the 

engine desier, the oil conlpanie3 producing lubricants, 

and the owner who must operate and see to the servicin of 

bue engine. Its importance is brougt out by research 
wiiich has indicated that frictional, abrasive and corrosivo 

wear of piston rings and cylinder walls is the major factor 

lirnitin onine life. 2bis wear of rins and cylinder 

walls increases enlne clearances to the point whore power 

loss and oil consumption fizially become excessive and the 

on:ino iust be overhauled. To prolong' the oconodc 

sorvice life of the engine then, lubricants which reduce 

or olirinato these various types of wear must be utilized. 

This problem is beconting more complicated as a result of 

the current horsepowor race among automobile nanufacturers. 

With the resulting hiher loads, stresses, and temperatures 
on pistons, rin:s, bearings and valves, ehe doands upon 

the motor oil wi1 becoìie correspondinly :ioro severe, so 

that the problems of engine lubrication and of oil quality 
and performance will undoubtedly continuo to be of 

paramount i:portance. 
In the solution of this problem, one of the properties 

of lubricatin oils which is :onorally considered of prime 
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Importance is viscosity (7, pp.39-44). The oil ust be 

fluid enough at low to:iperatures to provide proper 

lubrication when 5tarting, yet not fail at the hier 

temperature3 vziioh exist after warm-up. I'o provide this 

typo of lubrication, multi-rade oils which employ 

viscosity index improvers have recently been developed by 

several oil companies. The lubricant must also provide 

an oil film of sufficient viscosity to support the load 

imposed upon it and to prevent metal-to-metal contact of 

the moving surfaces. TilO oil film must also protect the 

metal surfaces from the corrosive products of combustion. 

Consequently, the determination of the optimum oil 

viscosity in regard to engine wear and the evaluation of 

tilo new multi-.rado oils in tho rolo of wear reducers 

would add to the irnowledge of factors influencing engine 

wear and make oasior the task of improving engine life. 
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THEORY OF RING AND CYLINDER WEAR 

The processes by which wear of rings and cylinders 

occurs in internal coibustion onines are com?lex. 

Ilowover, authorities on tills subject ::enorally aoo that 
wear occurs by the rollowin: processes: (1) Friction (2) 

Abrasion (3) Scu1fing (4) Corrosion (15, pp.1-9 and 3, p.3). 

Friction. Wear by friction Is the outtin or 

deformin action of the ring passing over the cylinder 

wall surface. Irreu1arltios on each surface will cut or 

deform the other surface at the points of contact whore 

tilo oil film Is penetrated. This action will actually 

re:ovo the Irregularities and increase the contact area 

thus linprovin the load-carrying abIlity of the surfaces. 

Durin the break-in period this typo of wear is desirable, 

but after the surfaces fit properly it should be brouht 

to a minimum. It is probable that surface finish, material 

properties, and ei]. viscosity aro the majcr factors in 

friction wear. The surface finish governs the number of 

irreu1aritIos in the surface. Hardness of the materials 

affects the depth of surface penetration by irroularIties 
and hence, the amount of cuttInr. Oil viscosity determines 

how close the two surfaces approach each other or how small 

an irreularity will penetrate the oil filin and cut the 

other surface. This form of wear is eatost where the 

pressure and tciperature aro hIgh and the rub.ln velocity 
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is relatively low, timt is, in the top end of the cylinder. 

T1:L18 indicates that volatility may have an appreciable 

effect in that it determines how well the oil resists 

being burned from the surface. 

Abrasion, By abrasive wear is meant the friction 

wear caused by foreii particles between the rubbing 

surfaces. These partIcles may be brougbt in with the 

Intake air or carried in the lubricating oil. 

Well-designed oil and air filters reduce this type of 

wear, but under adverso atmospheric conditions so 

particles lilay still find their way into the en4nc. It is 

reasonable that, in addition to the factors affecting 

friction wear, the quantity, size, shape and hardness of 

the particles affect abrasive wear. Unlike friction wear, 

the harder surface will wear more because the abrasive 

particles embed themselves in the softer material. 
Scuff Ing. Scuffin is wear caused by the welding of 

points on the two surfaces and subsequent tearin away of 

the welded junctions. High surface temperatures and clean 

metallic contact are the main factors that initiate 

scuffing. Any oil film, of course, will aid in preventing 

scuíTing by separating the surfaces. Once the surface is 
roughened by scuffing, wear rates will be high because of 

friction wear. Scuffing Is critical during break-in since 

there are high temperatures and thin oil films between the 

surfaces. Temperature, pressure, and rubbing velocity are 
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irniortant factors. The possibility of scuffin Is 

Incroasod as these conditions aro nado more severo. 

Cylinder distortion, which will cause localized hIgh 

pressures will tend to produce scufflng. higher viscosity 

lubricants provide a filin which is iore difficult to 

penetrate thus hinderin: scuffin. Dust or any other 

abrasive particles present .reatly ag[;ravate scuífing. 

Considerable work has been done on netal coatings and 

finishes to provont scufring. If a continuous oil film 

for the comprossion rings were naintainec for all 

conditions of operation, bhls type of wear would be 

elicilnated. 

Corrosion. Corrosivo wear is, as the name implies, a 

chemical process. It is a result of acid attack of metal 

surfaces by certain products of combustion of fuel or of 

contamination or oxidation of the lubricating oil. Any 

acid-forming substance can cause iiiis type of wear, but it 

appears that sulfur and Its acids are the major offenders. 

The corrosivo wear tests that liave boon conducted indicato 

that tho cylinder wall temperature is the critical factor 

(1G, p.34). Other factors that could affect corrosivo 

wear are ol]. film thickness, oil alkalinity, cylinder 

pressures and temperatures, and material composition. Oil 

film thickness could affect corrosion by acting as a 

protective covering which hinders the acid particles from 

contacting the metal surface. Oil alkalinity could retard 



corrosion by neutra1izin the acids before they roach the 

rneta].. Cylinder wall ternporaturos could influence the 

chemical reaction rate, Increasing it as the temperature 

risos. Dut :ore inortant, tìiey afioct the amount of 

condensation on the vialls, and honce the quantity of acid 
causing the corrosion. Corrosivo wear has been obervod 

o occur mainly when cylinder wall temperatures are low as 

in the caso of short drives whore the en:ine doosn't have 

ampio time to wariì u). Upon reaching normal operating 
temperatures, this form of v.oar virtually disappears in 

relation to the other typos of wear. 



7EAR 2T LtETHODS 

Wear rates i.n enine wear research aro dotorrnlned by 

measuring the lcon worn from the parts in question. This 

croates quite a problem because the amount of wear is 
usually very small and 3ometimes makes it very difficult 

to determine the ef:ect of any set of oeratin conditions. 

There are at present tIueo methods used in the measurement 

of these minute amounts of wear (14, pp.1-3). 

The first method is the physical measurement of rin.s 

and cylinder boro. In bhis method, the on4ne is run under 

the dosirod conditions for a period of time and then 

disassembled and the chance in dimensions determined by the 

uso of micrometers, dial indicators and feeler gago. To 

obtain sufficient amounts of wear so that the amount of 

wear can be accurately determined, the onino must be 

operated for very 1on and, consequently, expensive eriods 

(above 500 hours). The isolation of variables and 

reproducibility of results aro difficult because of the 

difficulty of maintaining constant conditions over such 

lone poriods of timo. Also, differences in material 

composition, surface condition, break-in processes, or even 

in torquin of nuts can add to he uncertainties of wear 

measurements by the direct method. 

A quicker and moro precise method of wear measurement 

is the chemical analysis of the 1ubricatin oil for iron 
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content. By obtaining wear measurements In shorter periods 

oí time (about loo hours) many of the problezns of the 

direct method are eliminated. With thi8 method, the iron 

content of the 1ubrjcatjn oil in the rango of 5 to 10 

oarts per million can be determined with an accuracy of 5 

to 10 per cent. Phis is a breat deal more accurate than 

the first method, eorrespondin to neasurin the chane 

in cylinder diameter to within 3 to S ten millionths of an 

inch. Laboratory analysis of oil samples in necesary and 

namplin procedure is critical. Oil chann, and 

accountin for iron lost due to oil consumption are also 

problems, but can be solved 'vithout difficulty. Ib is also 

necessary and enbirely reasonable to assume that the iron 

from other enino parts is of nejliible quantity. 

The final and most recently developed method of wear 

measurement is the use of radioactive piston rings. This 

method utilizing raclioisotopes as tracers to determine the 

wear of piston rings was originated by Atlantic Refining 

Company in 1940. This method wasn't used to any appreciab]e 

extent as a research tool until after the war vthon 

irradiation service from the reactor at Oak Rido was made 

corinercia1ly available. Since that timo, this method has 

become widely uso1 as a means of measuring engine wear. 

The method (8, pp.22;9, pp.l-9;l2, po.56;l4, pp.1-6; 

and 17, pp.1-6) consists of irradiating a standard piston 



in a nuclear reactor for ario month to bring it to a 

ie1ativo1y high level of activity, Actually only one atoi 

in a billion beoornes radioactive iron, Fe59. The isotope 

has the same chemical properties as the stable iron except 

it is radioactive. By the use of special tools the rings 

are nounted on the piston and. placod in the enino. 2hen 

as the ring wears under set condition, the radioactive 
particles aro carried into the 1ubricatin oil. By 

oriodica11y sampling and moasu.r1n the acivity o the 

lubricating oil, the amount of wear can. be determined. 

Since special geier counters can accurately detect 

radioactive iron in lubricating oil in concentrations as 

low as one part por ten million, wear rates under set 
oeiatin,; conditions can be established in as little as 

five hours. Consequently variables can be isolated and 

the some engine used to obtain all the data nocess for 
the determination of he effect of one variable on wear. 

The disadvantage of this mothod using only radIoactive 
rins is that the ring wear Is assumed bo be the same as 

the cylinder wear although this may not be necessarily so. 

Using radioactivo cylinder liners eliminates this objection, 

but also increases the health hazard because of the 

Increased radioactivity level in the laboratory. Other 

disadvanbaes are the expensive radiation measuring 

instruments required and the precautions nocessary to 



protect personnel from radiation hazards, but they are 

moro than offset by the timo and money saved in operation. 



1]. 

OBJECTIVES OF THIS TEST 

Oil viscosity has boon claimed to bo one of the noro 

Liportant characteristics of 1ubricatin oils, yet from all 

lndloatlonz it Is nob known exactly what oil viscosity to 

use in internal eoinustion engines to attain the best 

lubrication:i.o., the least wear (18, p.l-9). Added 

confusion is introduced by the new multirado 10-30 oIls 

which are made by adding hI1I molecular vieiht polymers to 

vory liht baso stocks as viscosity index improvers. Liany 

claims are made for these oils and although some are 

undoubtedly true, It Is considered by SOiC exports that 

these oils behave as multi-grade oils in a laboratory 

viseosimeter, but not In actual service (7, pp.196-207). 

It was decided, therefore, to Investigate the effect of oil 

viscosity on engine wear by placinE SAE 5, 10, 20, 30, 40, 

50, and 1O-3O oils in the engine holding othor conditions 

constant and p1ottin weai rates aainst oil viscosity. 

To compare oil rade, and wear rato against sump 

temperature as a means of Investigating the effect of the 

higher viscosity of the 10-30 oil, a 10, 30, and 10-30 oil 

wore run in the on.ine under constant conditions with sump 

temperatures of 140, 160, and 200 F. 

The radioactivo rina riothod was selected as the means 

of neasurin the wear rates in this test. In addition to 

be1n; a convenient and rapid method of detorminin: wear, It 
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was desired to apply ::iore recent techniques and. 

instrumentation to the radioactivo tracer method which 

was adopted at Oregon Stato Collego in 1952 as a tool for 
engine research. The improved instrumentation vastly 

improved the ease of carrying out rosoarch with radioactii 
tracers and suggested unlimited horizons in the 

investigation of factors influencing engine wear. 
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APPARATUS 

The en:ine used Cor this test wac a Lauson 2-5/8 In. 

by 2-3/4 in., 4 cycle, H-2 Oil ï1est En4ne. The en;ine was 

loaded by ovorspoeding a 3 horsopov'or, 3 phase, GO cycle, 
220 volt electric iobor, thus causing it to act as an 

induction generator. The enerator output was fed back 

n 

j / 

FIg. 1. EniIno Test Stand 

into the 220 volt conriercial power source brouh a watt 

hour ueter. With a stopwatch, the Instantaneous power 

output of the enorator could be determined. A V-belt 

drive was used for conneebin; the test crime to the 

Induction generator for caso of disasseìbly and ascombly 

when working on the enine. The efficiency of the bolt 
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drive and the induction enerator was not dotoriined, but 

was estimated to be 85 or cent. Since all the test runs 

were at the same speed, load, and bolt tension tho only 

effect of incorrocly ostinatin; the efficiency would be 

In tho roortin of the percentao load at which the tests 

were conducted. The load was controlled by throttle 

Fi::. 2. Arrangement of Control Panel 
and Engine Test Stand. 

sottin or amount of overspeeding. This method of loading 

worked satisfactorily in tills instance, but if the load 

were to be varied rather than held constant some other 

method of loading would have to be emfloyod. A gravity 

fuel system was used for dependability. 

The engine was equipped with a reflux condenser that 



Lauson H-2 Oil Test Engine 

2 Crankcase Scavenge Pump 

3 S'pass (Normclìy Closed) 

4 Lead Shielding 

5 Gieger Tube n Sensing Well 

6 RCL Scaler 
7 Tracerlab Ratemeter 

8 Brown Potentiometer Recorder 

I-J 

Fig. 3. Schematic Diagram of Oil and Recording Circuits 
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kept the jacket teìporatuxe at the boi1in point of the 

liquid placed in the enine. In this tot water wa 

erriployed as tbe jacket coolant. City water was u$ed to 

removo the heat from the condenser. The oil tomDorature 

was controlled by an electrically heated oil suìp. The 

current to the heater in the en3ne crankcase was 

controlled by a Powor stat" iounted on the control panel. 
An aneter indicated the current bein sup2lied to the 

oil heater. About six aiperes were the averao current 

required to maintain test conditions. 
Tue 1ubricatin oil was circulated tiwouh an external 

sensing well by a gear pump driven by a small, single phase 

otor. The sensing well and piping held three quarts of 

oil and the en)ine two and one-half quarts ivin a total 

oil capacity of the system of five and one-half quarts, 

The capacity of the circ1ating pump was about two gpm in 
this installation so the oil in the systen was circulated 
throu the sensing well approximately twice a minuto. A 

merc17..in-1ass thermometer was placed in the pump sucti 
line next to the onino to measuro sump temporatu.re. Iron- 
constantan thermocouples measured the oil temperature 

leavin, and re..entorin the engine and were recorded on a 

3rovm ttElectronic" Potientiometor recorder. The mercu.ry-n- 

'1ass thermometer was used as the control check on the oil 
temperature because of itis accuracy. 
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The activity of the lubricating oil vías measured by i 

iimorsion type geiger counter. The counting operation was 

performed by a RCL Mk 13 Mod 1 scalar shovm in the upper 

left or Fi3. 4. cinco this instrument only counts total 

counts, it was modified so that a 2racerlab Ratemoter 

could be connected to it to convert total counts to 

r £ 
'4 

Q ... 

Fig. 4. Control Panel and Radiation 
Counting Instruents 

instantaneous values of counts por ninubo (cpii) and 

indicato these values as a millivolt output signal. This 

millivolt output was fed to a Brovm Continuous Balanco 

Potentiometer recorder whIch then recorded cpm against tim. 

The recorder chart was lined for temperatures and had to be 

calibrated in terms of cpm for the differont scales of the 

ratometer. With this done, the recorder maintained a 



continuous record to oil activity in cpm. 

The oïl sensîn well was surrounded by ono inch of 

load to roducc the bac1c:round count so that the e13er 

counter would be easuxin; only the oil activity. Six 

inchez of l°ad was also interposed between the xins and 

tuo sensing well to ieduce the count from 1io enine. 
i3efore placing the load shioldinj around the sonsin'.; well 

and Installing the radioactivo rin:s, the back';round count 

was 84 cpm. After placing the îIns in the en'ine and 
lacin; the load shielding in place, the back.ound was 

96 cpm; a negligible increase. 
The irradiated rins wore shipped in a special 

container constructed and used in previous radioactivo 
wear tests for that purpose. It surrounded the rìn;s with 

wo inches of lead and nado shipping the rinGs safe. The 

lead container was enclosed In a plywood box with a total 
shippinG weit of about 85 pounds. 

Special tools were used to place the radioactive rIn, 

on the piston. A corrercial rinG expander and ordinoz' 

ring compressor wore ec;uipped with long handles so that tI 

ìnanipulato: was over one foot from the rinGs when working 

with then. 2ho oporatien of placIn the ringß On the 

piston was shielded by two-inch thiok load bricks and 
observed by peering over the top of the shield. This 

protected the body but not the hand and foroarm. The 
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piston w8.s carried and placed in the on4no with the ring 
coinpresor. 

The i:strument c'n th left in FIg, 5 is a 2racerlab 
SU-1F Portable Radiation Survey !oter used to easurc the 

xadiation level in the vicinity of the onT',ine. This 

Instrument ¿ives readinz of rllh1liroentens per hour and 

FIg. 5. Radiation Safety Instruments. 

permits quick and convenient measurements of radiation 
dosao rates. The instrument in the conter Is a inonetor 
sold by tha Victoreen Instrttnont Conpany. Inserted in the 

:a1nometer is a pocket Ionization chaitber. Two ionization 

chambex's roady Cor uso aime shom at lower center. The 

ninornoter and pocket charriber measure the dosage from ¿anima 

and x-rays. A chaz'o is laced on the chamber and as the 
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radiation 1011iz03 the )as in the chamber, the charge leaks 

off. ftei a perid of timo, tho aoun& of dicare is 
mea3ured by the minometor on a scalo calibratød in 

roentens. Tho in$truìnent at right is a RCL Liarl: U LIodol 
10 portable gei'er counter. It is used for detectin anali 

amounts of radioactive contamination. It does not measure 

dosage, but is useful in examining clothes, tools, hands, 

oto, for contamination. 

A Tag-Saybolt Thernoabatic Viscosimeter was used to 

determine the viscosity characteristics of the oils used 

in bhe test. 
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RADIATI ON SAFETY 

In provious work with radioactivo piston rin3 at 
Ore/:on State Collc.r;e, it vtas round that the health hazard 
from the radioactivo rinz wa not too groat if the proper 
precautions ere takon (16, pp.19-22). The woalth of 

Inforniatlon covering the pby3iological offoct of variou8 

typos of radiation is growing by 1oap and boimd so that 

only the naterial pertaining to this typo of application 
is discussed herein. 

The unit used to define radiation dosao is the 

rocnt;cn and is based on the ionizing offcct of the 

on a ,as. The types of radiation froni the rings 
are beta and arana rays. In detornining physical dosage 

both radiations are considered to be the same and aro 

measui'od in the sane units. The safo dosao rates in 

current acceptance aro a maxinuri permissible doso for 

whole body radiation of 300 rnilliroentgens per week, i.e., 
GO rnllliroontgen3 por day for a five-day wock and 7.5 

:2:illiroont-ons por hour (1, pp.56-57). For partial body 

exposures such as to hands, forcarrs, and foot, the 
maximum permissible dose is set at five times the whole 

body dose. The dosage is genoally noasurod by personnel 
motors such as fil: bad;os, filin rings, and pocket 
ionization chambe-$ and beta-gamma survey meters, such as 

geiger c::untors, for qualitativo estimation of the radiatin 
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hazard and ionization survey meters for quant1ative 

evaluation, 

The hazard to per3onnel is usually eliminated or 

reduced by s1io1ding of various types. Beta rays are easily 

stopcd by :.:ost iateria1s and constitute a hazaxd only if 

in&ested into the body or absorbed tI-rouh the skin because 

their penotratin power is low and their ?ath in air is 

short, Gamma iays aro very penetrating and sevoial inches 

of lead aro requIred to effectively sto them. For this 

roason, pesonnol should be shielded to minimize the dosa 

when handln' the rins or workine around the enine . Evi 

though the oil activity is low, skin contact should be 

avoided, Any bime the oil must be handled, rubbci 1oves 

should be vrorn to elininato the possibility of absorption 

into the body. In general, the best roteetion fron any 

type of radiation is distance sInce intensity decreases as 

the square of the distance, 

In thIs test, the rings wore shipped from the Oak 

Ridge National Laboratory with an activity of 3000 

milliroentgens per hour at a distance of four inches. 

Usin this fI.jure, the allowable exposuze time was ten 

:ulnutes at one foot while installing the rings. Two and 

ono-thaif minutes were required to placo both compression 

rings on the piston and to place the piston assembly in t1 

enIne, In this operation thon, only a fraction of the 

daily dose was acquired. The following day the connecting 
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rod was connected to the crankshaft and tho enine made 

ready for oeration. Pocket dosimoters indicated a dosage 

of 70 :ii11iroontcns acquired durin this operation. This 

was greater than the allowable daily dose, but still 
considered safo since bhe allowable weekly dose had not 

boon accumulated. 

After the engine was in operating condition, 
rieasurements wore taken around lhe eniino to determine the 

safo timo in the vicinity. At an average radius of two 

feet the dosao rato around the on4no cylinder and head 

was 7.5 milliroentgons por hour. It was, then, safe to 

stay at least ei:ht hours in the vicinity of the onino if 

stayin, more than two foot from the enine. Vith the 

recorders recording most of the data, about two hours a 

day were spent at tending to the engine and making readins. 

Consequently, as can be soon, the radioactivo rings 
presented no health hazard if the proper precautions were 

observed. 

Paper towels were used to wipe up any oil drops 

around the engine when draining the oil from the engine 

upon the completion of a test run. A reverse flow uffler 
was used for this test setup. This muffler was found in 

previous work to stop contaminated solids, if any, in the 

exhaust T11e blow-by from the engine was sent through a 

trap to romovo any liquids which might be contaminated 

before discharging the gas to the atmosphere. 



24 

rho entire operaiion was safe from a radio1o;ica1 

health sandpoint so long as the rings wore handled with 

due roard to their lethal possib1itios, 
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PROCEDURE 

After obtainin; proper authorization from the Atomic 

Enery Conriission, two standard coupression rin;s for the 

Lauson enine woro sent to the Oak Ridge National 

Laboratory for irradiation. Approximately six weeks 

elapsed from shipment to receipt of the rings. The rings 

wore i:tal1ed in the enino with spocïal tools described 
in the previous chapter. L'ho fuel used was ethyl aso)ine. 

The oil was all obtained from the same manufacturer to 

eliminate differences from nethods of production and was ' 

the same type to eliminato the effects of additives. The 

constant conditions hold wore as follows: 

Load 2/3 

Spoecî 1845 rpm 

Jacket Temperature 212 F 

Fuel Ethyl 

IgnItion Tining 23°B2C 

A/F Iatio 13 to i 
Intc3cc Tompera turo F 

After the active rins had been installed, the on;ine 
was operated on SAE 20 oil for about twenty hours as a 

break-in run, Previous investigations at Oregon State 
Collo;e indicated that about ten hours were necessary for 

break-in for this type of enfino. Upon completion of the 

break-in run, the oil was drained from t he engine and the 
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test rune eomioneod. The effect of ol]. v1cosity was 

invost1ated at an oil sump temporaure of 160 F, usin 

the followin' procedure: a weihed amount of the ol]. to be 

investigated was placed in the oil systeti and the oil 

heater and circulating pump started. When the oil had 

been warmed to about 120 F, the onino was started and. 

operated for about two hours to attain equilibrium 

conditions. Ution roachin equilibrium, the onTino was 

operated for about ten hours on the te$t conditions. By 

startin:; in the iorning, a test run could be completed late 

In the evening and the oil allowed to drain from the system 

over ni:ht. The oil recovered was weI'hod to determine the 

oil loss. Following this procedure runs were obtained with 

SAE 5, 10, 10-30, 20, 30, 40 and 50 oils. 
The oil sump teriperaturo was varied on SÄE lO, 10-30, 

and 30 oils to investigate the ef'ect of sump temperature 

upon wear. The oil suip temperatures were 140, 160, and 

200 F. The hiher temperature was limited by the 

temeraturo to which the geiger counter tubo could be 

subjected. The lower temperature was limited by the 

natural temperature that could be obtained with no 

crankcase heat supplied. A fan was used to blow air across 

the en;ine craniccase to riaintain the lower temperature. It 
required about one-half hour to reach equilibrium after 
changing the sump temperaturo. After a run of five or six 
hours under test conditions, the sump tomperature was a:an 
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eharied. The method of statin; the tests was the same 

for the vaiied swap temperatuio and the varied oil 
viscosity runs. 

The recorder records of the test runs were used to 

deteriaine he wear ratos. The decay of the radioactivo 
iron occurs in a randoii rìanner so that the recoi'dor trace 

was not a straight lino, but was a saw-toothed curve. 

Lrrors in the Instrumentation countin[ and recording the 
oil activity also contributed to the sawoothed effect of 

the record. io avera';e out the errors and to establish a 

slope for the curvo, a strai4at line was drawn through the 

recorder brace in such a manner as to represent the slope 

of the trace. In order to coiiipare thorn on a conr:icn basis, 
the slopes obtained from the various test runs, rs&itin. 

the wear rate in cprn/hr, had to be corrected for the 

decróase in the activity of the radioactivo iron. 

ad1oaceivo decay is a probability rocoss in which the 

rate of decay is proportional to the number of unstable 

nuclei present at any time. From this fact the Collowin3 

oqualion (1, p.33) can be derived: 

(1) N N0et 

Vlhere: N number of unstable nuclei at the 
tine t 

X the decay constant 

: the number of atoms at zero time 

From (i), the time t. for the number of atoms o fall to 
2 
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one-half of any ivon value (the half-life) s: 

(2) t1 : 0.695/ 

For the radioisotope of iron which has a half-life of 46.3 

days, A from (2) is 3.01495 and equation (1) becomes 

(3) K : N/N0 e"0'°1-495 t 

There: K = decay correction factor 

N : number of unstable nuclei at time t 
= time in days from determinatii of N0 

N0 number of atoms at zero time 

In this tost the first test run was taken as N0 equal to 
1.0 and t of O. Succeeding test days were corrected to 

compare with the first days xin using the following 

relationship: 

(4) R1 : 

Whore: : corrected wear rato in cp,w 
= uncorrected wear rate in cpm/hr as 

determined from the recorder chart 
K : decay correction factor 

An addltio:xal correction that was considered was the 

loss of radioactive iron in the oil consumed in the on;ine. 

The oil consumption in these tests, however, was so slight 

as to be neligible and no correction was necessary. 

The corrected ring wear ratos wore plotted against 

oil viscosity or oil sump temperature to present the 

effects of viscosity and oil sump temperature upon :;iston 
rin: wear. 
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RESULTS 

The results of tii1 test are shown In raph1ca1 and 

babuia fOifl1 on the fo11ovi1n pagos. 

The viscosity characteristics of the oils used in 
this test are pre3entod in Figure 6. The hi:.her viscosity 
index of the 10-30 oil is readily evident. These 

viscosities were used in plotting ring wear ratos against 
viscosity. 

The effect of variable SAE oil grades on ring wear is 
shown in Figue 7. The wear rate from the two compression 

rings as expressed in ciD::/Iu is shown against SAE grades 

from 5 to 50. The viscosities of these oils were taken at 

210 F and used as the abscissa to plot ring wear rates 

against oil viscosities. In Figure 8 the effect of oil 

viscosity upon piston ring wear is shown. 

In Figure 8 the range of optimum oil viscosity for 

the least ring wear is from 48 to 58 SEU at 210 F, a 

range that encomasses the SAE 10 and. 20 oils. About the 

saine wear occurs with the 10 and 20 oil with the wear rato 

of the SAE 5 (43.7 SSU at 210 F) nearly nine times the 

wear rate of the optinuni range. As tho oil viscosities 
increased above the optiraun viscosity, the wear rate 

increased becoming a little over four tines as great with 

an SAE 50. 

The tests viere conducted at a jacket temperature hi 
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enough to eliminate corro3ivo wear 1eavin only friction, 
abrasion and scufinr; to cause woar. The incraasezI wear 

rato of the SAE 5 oil recuits from the high volatility of 

the liit stocks in the oil whIch permits the oil filin to 

burn off the c-1inder wails, allowIn intermittent metal- 

to-metal contact, Also the oil film is o thin as to fail 

under load, :ivin boundary lubrication and h1h wear 

rates. 

As the oil viscosity is increased I would be expected 

that thick fun lubrication would exIst and increasing tì 

viscosity would only increase the film thickness and redire 

the wear rate, However, as the oil becomo iore viscous, 

after passino the optimum viscosity, the wear rate 

increases. A reasonable explanation Is that as the oil 

becomes more viscous the flow of oil to the lubricated 

sürfaces is reduced and adequate lubrication does not ex't. 

In the Lauson engine, tbo cylinder walls and piston 
assembly are lubricated by a splash system and the oil 

furnished to lubricate the rin:s and cylinder walls is 

thrown on those surfaces by the rotating crankshaft. The 

oil thrown on the cylinder walls and inside the fiston 
finds its way to the oil rina and is distributed by the 

oil rin to lubricate the cylinder walls and piston rings. 
The viscosity of the oil at the temperatures of the 

cylinder walls and piston then would overn how ef2ective 
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the oil rings would be in providing proper lubrication, 

Theo temperatures are controlled by' the jacket terperatixr 

consequently it would seem that the jacket temperature 

would be a factor in selecting the proper oil viscosity. 

The effect of oil sump temperature upon rinL wear is 

presented in Fiure 9. in this curve the wear rate 

chances very little with oil sump temperature and indicates 

that oil up temperature doesn't affect the woar rate. 
Tilese curvos were obtained at relatively hi sump 

temperatures, And at cold starting conditions such as su 

zero operation, the oil m.imp temperature would affect the 

wear rato. For warmed up operation, then, the jacket 

temperature controls the ring wear rate rather than oil 
sump temperature. 

From Figures 7, 8, and 9, it Is evident that the SAE 

10-30 Oil Is not better than reular oils in reducing wear, 

but lies above an SAE 20 and below an SAE 30 in ring wear 

rate. These multi-grade oils are desired to provide 

optimum fluidity at low temperatures for easy starting and 

rapid circulation in a cold engIne and to maintain maximum 

viscosity at high temperatures to assure good lubrication 

and low oil consumption in running onincz (13, p.5). 

Using the viscosity characteristics curve, the S 10 oil 

extended to -20 F has a lower viscosity at that tempora 

than the 10-30. The 10 also has a lower wear rate at the 
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running condition3 used. in this test. The oil con3umpticn 

cuiaactoriiz wro ot oem1nd, but unio8 consurnptrn 

wa a ¿rea' deal gieater wih the 10 oil, the SAE 10 

to be a ubre econoiica1 oil both trom cost ani from wear 

rate consideratiois. 

The reu1ts f these tests are presented in tabulated 

form in Figure 10. The curves were plotted using the 

information iven in this data sheet. 

Typical recorder charts for eech of the oils used in 

this te.t ar cncicscd tc present t1 change in slope with 

chance of oil viscosity cnd to indicate the method of 

dotermining the clope of the wear rate curvos. From Fgiim 

li, the large .ncroace in oil activity iediately after 

startinb hobJs the large wear thtt occurs when startin. 

The wear when starting is equivalent to over an hour of 

running under warmed up conditions, oven at the hih 

wear rato of the SAE 5 oil. 

The results of this test are, in general, quite 

satisfactory with the points falling on a smooth curve. 

The results were roDroducible as is shown by the 48.6 

(SAE lo) and 67 3313 (SAE 30) points in Fiure 8. The 

check runs were run a considerable period after the 

initial runs and show that test conditions had not 

changed by scuffi.ng, engine deposits or normal wear 

durmn the interum. 

Many more theories of ring and cylinder wear too 
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numerous to discuss here ae listed in the Eib1io;;rahy 

as SAE pape. 
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VISCOSITY CHARACTE.RISTIGS 
OF OILS USED IN RING WEAR 

TEST OF LUSON ENGINE 

- 
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6 SAE. 40 
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Fig. 6. Viscosity Characteristics of Oils Used 
in Ring Wear Test 
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CONCLUSIONS 

It cari be concluded froni th1 test that under 'iar:;od- 

up conditions where cor'osive wear is eliminated, that 
lubricating oils having viscosities between 48.6 and 57.7 

SSU at 210 F aro the riost effective in reducing ring wear. 
This viscosity rango enconipasses the SAE 10 and 20 oil 
grades. 

jØ oil sunip temperature within reasonable liitations 

has no appreciable effect on the wear ratos of different 
grades of oil. This indicates that the oil viscosity at 

the temperatures of the cylinder wails, as controlled by 

jacket water temperature, governs the ring wear rates. 

Plie SAE 10-30 oil was found to have a wear rato higl 

than an SAE 20 oil. VJith the exceïtion of the possibility 

of hider oil consuniption, an SAL? 10 Is better than an SAE 

l0-30 oil. 1t has a greater fluidity at low temperatures 

for ease of starting, yet has a lower wear rate when 

oporating at higher temperatures when the engine is warm. 

At present prices, two quarts of promiuu SAE 10 could be 

consumed in an onine having a six quart oil capaciby 

against none of the SAE 10-30 and still have equal oil 

costs. The SAE 10 oil would still be moro economical 

because of the reduced engine wear. Tue saving in oil 
consumption with the 10-30 oil would have to be substantial 

and the cost of this oil would have to he nuch loss in 
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order o make it mnoo economical than the ßAE 10 oil. 

2Iìo test dofinftoly Indicates there IS an optinum oil 

viscosity for wear reduction. It appear 

SAE 10 and SAE 20 oIls are ideal for the 

This quantitative result from ihe Lauson 

applied to other engines with reasonable 

the conditions affecting the lubrication 

rinÎs aro comparable. 

3 that the rance of 

Lauson enine. 

on3ino can be 

accuracy becauso 

of the piston 



RECOMMENDAT I ONS 

In addition to iho effocts of oli viscosity upon rina 
wear detoimlned In this test, other factors Involving the 

oil viscosity need further research. Information on the 

effect of jacket teinporaiure and oil viscosity upon viear 

ratos would indicate if optimum oil viscosity c1ianes with 

jacket temporaure. The load and speed should both be 

variod with oil viscosity to study their effects upon 

proper lubioation of the platon rings and cylinder walls. 

This l of importance because the autoniotive enlne very 

rarely operates under conditions of constant load and 

s po ed. 

A schedule of starts and stops could be set up with 

varied oil viscosity to lnvostiate the effectivoness of 

the various oils in roducin the large amount of wear that 

occurs when the enine is started, run only a short 

distance, arid 3topped. A large amount of city driving is 

done under this typo of service, reconized to be the 

severest conJibions to which a lubileatin; oil may be 

subjected. 

Considerable discussion is also In process as to 

whether suifui should be added to the oil to reduce wear, 

and if so, under what conditions does it reduce wear; or 

whether the ou should be hIhly alkaline bo neutralize 

any acids formed and thus reduce corrosivo wear, These 
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factors coupled with oil vizcosity and jacket teniporature 

possibly would 4ve sotie very interesting inforinaticn as 

to the rolo of additives and ofl viscosity in roducin. all 

forms of piston ring wear. 
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