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In the mid 1930T5 the Diesel engine, which formerly was used 
only as a large, low-speed machine, was developed into a smaller 
high-speed engine for use in ti'ucks, busses, and tractors. Along 
with these changes in mechanical design came many problems, of 
which a major one was lubrication. Because ordinary mineral lubri- 
eating oils quickly deteriorate, certain chemical compounds were 
mixed with the oils to improve their performance. Introduction 
of the chemical additives to the Diesel engine lubricants met with 
considerable success and the practice was soon followed in spark- 
ignition engine lubrication. 

The additives used now include such chemical compounds as 
anti-oxidants, anti-corrosive agents, extreme pressure agents, 
viscosity index improvers, and pour point depressants. In addition 
to the compounds developed by petroleum and chemical companies, 
other coiicrcial addition agents, which are sold in auto supply 
stores d service stations, have appeared with many and varied 
claims. Today there are many of these ttpatent medicinett mixtures 
on the market. 

The purpose of this investigation was to determine the 
stability of a representative group of these commercial addition 
agents in an internal combustion engine. A small ngle cylinder, 
water-cooled Lauson was used as the test engine. It was nioimted 
on a test stand with a direct current generator and a control panel1 

The procedure followed in the tests was adapted from the 
Coordinating Research Council Handbook. It consisted of a 
standardized break-in period with a reference oil, and a test time 
of 36-hours with an additive-reference oil mixture. The reference 
oil, of high rating, was procured from the Coordinating Research 
Council for the control in these tests. The oil or additive 
mixture, after the 36-hour test period, was analyzed by the follow- 
ing ASTIl tests: Gravity, viscosity at 100 F and 210 F, flash and 
fire points, water and sediment, neutraliza.on number, precipita- 
tion number, and copper strip corrosion. Photomicrographs were 
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taken to observe the extent of coirosion on copper-lead bearing 
sections, cut from a bearing whose composition was 65 per cent 
copper and 35 per cent lead. These specins had been present in 
the sump during the test run. 

Two different oil temperatures were utilized to obtain ex- 
tremes in operating conditions. One oil temperature was 212 F 
and the second at 110 F, with 25 ml of water added to the crank- 
case. The first value simulated long, hot weather, driving condi- 
tions and the second town driving with many starts and stops and 
low oil temperature. 

The results of the tests are suirnnarizod as follows: 

1. The addition of water to the crankcase ac- 
celerated the deterioration of the additive- 
reference oil mixture. 

2. There were definite tendencies in most additives 
to corrode the copper-lead bearing strips. 

3. The additives did not prevent carbon deposits or 
sludge formation to any greater degree than the 
reference oil. 

4. All of the additives had a definite effect on the 
physical properties of the reference oil. 
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STABILITY OF SOLE COrcIAL LUBRICATING OIL 
ADDITION AGENTS IN AN INTERNAL COMBUSTION ENGINE 

I. INTRODUCTION 

The subject of lubrication is concerned with the 

science and art of reducing the frictional resistance oc- 

curring at the surface of two solids when they are forced 

to slide over each other. Any substance inserted between 

two sliding surfaces for the purpose of lessening the 

friction is called a lubricant. In an internal combustion 

engine the lubricating oil must, in addition to the above 

function, provide a seal v.Tith the rings on the pistons for 

adequate compression, and act as a coolant in providing 

a means of dissipating heat formed by the moving parts. 

In the last few decades the internal combustion 

engine characteristics have been greatly improved by 

changes in mechanical and physical design. Vlhile this 

increase in power output has been accomplished to some 

extent by greater piston displacement, it has been chiefly 

obtained by increasing the intensity of power output, ie, 

the horsepower per cubic inch of displacement. As a 

result engine speeds, combustion temperatures, and 

pressures occurring are much higher than were common a 

few yexs ago. The oils which had satisfactorily performed 

the purpose before were inadequate for the exacting demands 

of the more severe operating conditions. 
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To overcome these difficulties lubricating oil ad- 

ditives were introduced. The lubricating oil additive 

may be defined as a chemical compound which improves 

certain desirable characteristics of the base oil, 

imparts new properties which are lacking, or reduces 

the necessity for expensive refining procedures. 

The story of additives in lubricants is not new, 

but their use in lubricating oils to any great extent 

was not seriously considered until the mid 1930's. The 

Diesel engine, which had formerly been used only as a 

large, low-speed engine for power plant and marine 

service, was being developed as a smaller sized, medium 

and high speed power plant for tractors, trucks, and 

industrial applications. The principal difficulties 

encountered were ring sticking, piston and ring scuffing, 

wear and bearing failures. These were remedied by the 

use of additives to which the name 1tdetergent" was 

attached. The action of detergency is the cleansing or 

purging away of foul or offending matter. These additives 

have the property of preventing the build up of any 

deposits or removing those already formed (sludge, 

varnish, or carbonaceous matter) which interfere with the 

efficient operation of the internal combustion engine. 

The detergent may also act to prevent any formations, 

thus the name detergent is a slight misnomer, although 
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usect throughout the petroleum industry. 

In addition to tIie detergent, other additives such 

as tile anti-oxiaant, tile anti-corrosive agent, the extreme 

pressure agent, the pour point depressant, ana the 

viscosity inuex Improver are now being used with lubri- 
eating Oils. 

The major cause of oli, deterioration is oxidation. 

Prolonged oxidation results in the formation of sludge 

wflich is often the cause of clogged oil lines, filters, 
and screens. Additives which increase the resistance of 

an oil to oxidize are called anti-oxidants. These are 

not permanent as the additive becomes oxidized in 

preference to oli, and eventually is depleted, after 
which time tile oil starts to oxidize. 

Witn tile continuation of improvements in auto- 

niotive, Diesel, and aircraft engine design permitting 

tile development of more power for the equivalent size and 

weight engine, new materials were necessary to withstand 

the higher stresses imposed. Chief among these was tile 

improvement of bearings. The demands for greater load- 

carrying capacity and higher fatigue resistance 

fostered the development of tearing metals other than 

babbitt; je, copper-lead, lead plated silver, cadmium- 

silver, and cadmium-nickel alloys. Well refined, 

uninbiblted oils could be very corrosive to bearings 
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especially at high temperatures. Tiiis corrosion of bear- 

ings is a reaction between tile acidic products of 

oxidation and one of the constituents of the bearing 

metal. 

Bearing corrosion may be controlled either by 

inhibiting oxidation completely so that no acidic bodies 

are formed or by laying down a protective film on the 

surface of the bearing to prevent the acids from reaching 

the metal. Materials which function by forming such a 

protective coating are known as anti-corrosion agents or 

corrosion inhibitors. 

Petroleum oils become more or less plastic solids 

when sufficiently cooled, due either to partial separation 

of wax, or through congealing of the hydro-carbons corn- 

posing the oil. A large wax content usually causes a 

high pour point temperature. Pour point temperature may 

be lowered by removing the wax from an oil. In cases 

where it is uneconomical or impractical to completely de- 

wax the oil, the pour point can be lowered by adding 

chemicals called "pour point which cause a 

change in the structure of the wax crystal formations at 

low temperature from needle-like shapes which tend to 

trap the oil, to ball-like shapes which will pour with 

the oil. 

The viscosity of an oil varies inversely as the 
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temperature. As the temperature is raised, the oil will 

become more fluid or flow more easily. Viscosity index 

indicates the rate of change of the viscosity of a 

lubricating oil with temperature. A high viscosity index 

indicates that the viscosity change with temperature is 

relatively low. 

It is of paramount importance that a lubricant 

maintain a film between moving metal surfaces. Under 

operating conditions where clearances are relatively 

large the problem is simply one of selecting the proper 

viscosity grade of oil. In service where clearances are 

small and loads are high the lubricant is forced out and 

seizure may occur. As a result, additives known as 

extreme pressure agents were developed to impart the 

necessary high load-carrying properties to the lubricant. 

The historical development of additives for lubricating 

oils is outlined on page 6 (20, pp3O-35). 

During the late 1930's a few cornìercial addition 

agents or additives appeared on the public market in auto 

supply stores and gasoline filling stations. These ad- 

dition agents are divided into two classes; the gasoline 

additive, which is poured into the carburetor or gasoline 

tank, and the lubricant additive for use in the crank- 

case, transmission, or differential. The advertising 

material cóvering these products includes various claims 

for improved performance, less wear, less friction, lower 



DEVELOPLNT OF LUBRICATING OIL ADDITIVES 

Date Reason for Development 

1920 Reduction of friction, lower 
temperature oils needed 

1930 

Alloy bearings introduced 

Reduction in Diesel engine 
deposits desired 

Caterpillar adopts copper-lead 
bearings 

1940 Army Ordnance adopts heavy duty 
oils for ground vehicles 

1947 

1940 High sulfur Diesel fuels 

Additive 

Oleic acid 

Pour point depressants 

Viscosity index improvers 

Corrosion inhibitors 

Detergents 

Heavy duty oils containing additives 
to give combination of high degree 
of detergency and corrosion 
inhibition 

Premium grade passenger-car lubri- 
cants containing oxidation and 
corrosion inhibitors 

Series 2 Diesel lubricants for high 
sulfur fuels 

High concentrations of additives give 
very high detergency together with 
corrosion inhibition 
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maintenance costs, increased power and many more. In 

fact the claims are so numerous and exaggerated in many 

instances that most people tend to regard them with 

suspicion. Although much work has been done by the major 

oil companies in testing and evaluating the characteristics 

of addition agents, very little has been published to 

satisfy public curiosity. 

It is not the purpose of this research, however, to 

satisfy public curiosity, but rather to determine the 

stability of a representative group of these commercial 

additives. It would be very time consuming to make a 

thorough analysis of the many agents as expensive engine 

and fleet tests are required to determine their value. 

The method devised for the test was to run the 

additive mixed with a reference oil in the crankcase of 

a small internal combustion engine under a prescribed 

set of operating conditions. To obtain extremes in 

operating conditions, two test runs were made of each 

mix; one at a high oil temperature, the other at a low 

oil temperature. The first of these two conditions 

simulated long driving times or hot weather operation, 

and the second, cold weather or short driving times, ie, 

town driving. For a control the reference oil was used 

under both conditions without additives. Oil samples were 

obtained at the conclusion of e ach run and analyzed 



according to American Society for Testing Llaterials (ASTM) 

procedures. To check on bearing wear the connecting rod 

bearings were replaced each run with the weight taken 

both before and after. The corrosion effect of the oil- 

additivo mix on copper-lead bearings was made by placing 

a small section from a copper-load bearing in the crank- 

case and photomicrographing it after the test run. 

The apparatus employed and procedures followed in 

carrying out these steps will be contained in the 

following sections. 



II. APPARATUS 

The engine was a small, singlo cylinder, four cycle, 

water-cooled Lauson, originally intended as a utility or 

small boat engine. The dimensions and specifications of 

the engine can be found In the Appendix. For the hot oil 

temperature test runs, a reflux condenser was mounted on 

the head of the engine through a three-quarter inch pipe. 

This gave a water jacket temperature of approximately 

212 F and the supply of boiling water was used as the 

heating medium for the oil. A connection from the bottoni 

of the reflux condenser was made to a gear pump mounted 

on the side of the engine block. The output side of the 

pump was connected to approximately 130 inches of one- 

quarter inch copper tubing coiled in the crankcase or 

oil sump. Thus the boiling water dropped 8 inches to the 

pump, passed through the coil and was forced to an inlet 

on the side of the engine block. Several combinations of 

condensers, coils, and connections were tried before a 

moderately successful one was found. The temperature was 

slightly below the desired range so several layers of 

aluminum foil were wrapped around the base to minimize 

radiation and convection heat losses. A small laboratory 

electrïcal beater was placed directly below the oil pan 

with a sheet of copper one-sixteenth inch thick and four 

inches square placed over it and under the engine base to 
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reduce any possibility of spot heating. 

For the lower temperature test rwis the reflux 

condenser was removed and a heat exchanger was placed on 

the back of the test stand. Jacket water from the engine 

flowed from the engine block through the heat exchanger, 

to the pump, through the coils in the oil sump and back 

to the block. By controlling the temperature of the 

water going to the oil sump, the oil temperature could 

be controlled. 

The test unit includes a direct-current motor, run 

as a generator, connected through a leather disc coupling 

to the engine shaft. For control purposes, a panel 

mounted on sponge rubber was placed alongside the engine. 

On this panel were placed the rheostat, anneter, volt- 

meter, switches, and power take-off loads. 'fie ammeter 

and voltmeter gave the values of power output, which was 

dissipated by means of a resistor bank. This resistor 

bank consisted of two 1100 watt household cone electric 

heating elements. To apply the load, the field switch 

was closed and the voltage brought up by varying the 

rheostat. The load was then applied by closing the load 

switch and a final adjustment of the rheostat gave the 

desired power setting. 

e gasoline was fed to the engine through a hori- 

zontal draft, automotive float type, carburetor. A 
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gravity feed system was utilized íor transporting the fuel 

from a stoxage tank mounted on a platform approximately 

one and one-half feet above the carburetor gasoline 

intake. In the line connecting the tank and carburetor 

the gasoline supply passed around a thermometer stem and 

throui a three-way valve. By manipulation of the valve, 

gasoline could be directed to fill a 25 ml pipette, 

employed for measuring the quantity of fuel used by the 

engine. Fuel timing was done by a stop watch. For con- 

venience, the gasoline was poured into a second tank 

placed on a waist-ugh stand. An electrical gasoline pump 

mounted on this tank moved the gasoline to the upper tank 

for use by the engine. This method gave a means of main- 

taining an approximate constant head of gasoline. Test 

data on the gasoline may be found in the Appendix. 

The air-fuel ratio was controlled by manual adjust- 

ment of the needle valve on the carburetor. A thermal 

conductivity gas analysis instrument, which was checked 

every four or five readings by an Orsat Gas Analyzer, was 

used in obtaining the air-fuel ratios. 

The engine speed was controlled by an adjustable, 

centrifugal type governor. The governor did not afford 

the close control required so anapproximation was made 

by the governor and the load was then adjusted to obtain 

the desired speed. The spark, produced by a fly wheel 
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magneto, had no provision for vacuum or speed advance. 

The spark was set at one position and held by an Allen 

screw. The fly wheel was calibrated to 40 degrees, before 

and after top dead center. Using a timing light and the 

pointer mounted on the valve plate cover, the spark ad- 

vance was easily observed. 

To maintain conditions nearly constant, the oils 

were mixed according to the manufacturers' suggestions 

printed on the containers. These values are tabulated 

b e low: 

Bar dahi 

Liarvel Mystery Oil 

Pyroil B 

Shaler fisione 

7ynn's Friction 
Proofing Oil 

Wynoi 1 

i pint to 9 pints 
reference oil 

J. pint to 6 pints 
reference oil 

1 oz to 1 pint 
reference oil 

i quart to 3 quarts 
reference oil 

1 pint to 10 pints 
reference oil 

1 pint to G pints 
reference oil 

After mixing, the oils were stored in gallon glass jugs. 

The reference oil REO-7-45, an oil of high rating, 

mentioned above was obtained through the Coordinating 

Research Council for use as the control standard. 

The connecting rod bearings, replaced by a new set 

after each run to simplify the wear results, had the 



13 

following composition: 

Lead 

Antimony 

Tin 

Copper 

Arsenic 

83.37 per cent 

14.10 per cent 

1.42 per cent 

0.47 per cent 

Balance up to a maximum 
of 1.10 per cent 

The copper-lead bearing strip placed in the oil 

pan, were sections cut from a commercial truck bearing 

obtained at a local auto supply store. These sections 

had the following chemical composition: 

Copper 64.17 per cent 

Lead 35.33 per cent 

iron 0.30 per cent maximum 

Tin 0.05 per cent maximum 

Engine replacement parts were obtained from the 

Lauson Company and used vihenever necessary. Gaskets in 

contact with the oil were replaced each run to reduce the 

possibility of oil contamination. 

Photographs of the unit are shown on page 14. 

Fig. 1 presents the engine equipped with the reflux 

condenser for hot oil temperature test runs. The genera- 

tor and control panel are on the left. The gasoline 

supply tanks are placed to the right of the engine and 

the two air-fuel measuring instruments are beneath the 

tanks. 



FIG. 1. TEST UNIT tJIPPED WITH REFLUX CONDENSER 

FIG. 2. TEST UNIT .QU1PPED WITH HEAT ZXCHAGER 
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Fig. 2 shows the engine equipped with the heat 

exchanger for the cold te$t. A corner of the heat ex- 

changer is shown between the control panel and engine 

block. The water going to the heat exchanger emerges 

from the head of the engine. A thermometer mounted ïn 

a metal case is inserted into the pipe tee for the tempera- 

ture reading. To eliminate vapor lock and air plugs, a 

surge tank was suspended from the ceiling and connected to 

the vertical valve, at the left of the thermometer by 

means of a rubber hose. 

In the hot oil temperature tests, vibration of the 

reflux condenser had to be considered in selecting engine 

speed. The natural frequency of the condenser occurred 

at approximately 2100 rpm. At speeds of 1650 and 1900 

harmonic vibrations occurred, causing excessive motion of 

parts. By rapidly passing through the lower harmonic 

range, no great difficulty was encountered. However, in 

the low oil temperature test runs, the heat exchanger was 

mounted on 2 x 4's bolted to the test stand frame work. 

This produced a large mass acting as a cantilever system 

and excessive vibration occurred. This was eliminated by 

shoring with 2 x 4's between the floor and the heat ex- 

changer. 
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III. PROCEDURE 

To maintain identical conditions in tear-down, 

cleaning-up, assembly, and operation of the engine, a 

procedure was established using the Coordinating Research 

Council (CRC) test methods as a basis. Procedures were 

incorporated from CRC Designations L-1-545, L-3-545, 

L-4-545, and L-5-545 (6, pp345-364, 379-438) with minor 

variations (21, pp53353P7) The CRC Designation L-1-545 

"Test Procedure for Determining in an Engine the Erfect 

or Engine Oils on Ring Sticking, Wear, and the 

Accumulation of Deposits," and L-5-545 "Test Procedure 

for Determining in an Engine the Oxidation, Ring Sticking, 

Detergency, and Bearing Corrosion Characteristics of 

Heavy-duty Crankcase Oils," were secondary in importance 

to the other two, L-3-545 "Test Procedure for Determining 

in an Engine the Stability of an Oil and its Tendency 

to Corrode Copper-lead Bearings," and L-4-545 "Test Pro- 

cedure for Determining Oxidation Characteristics of Heavy- 

duty Crankcase Oil." It should be noted the L-1, L-3, 

and L-5 are tests carried out in compression ignition 

engines of the high speed type. Experience has shown 

that these procedures also correctly evaluated oils for 

use in heavy duty spark iition automotive engines. 

The established procedure varied only in the oil 

temperatures and methods to obtain the oil temperatures. 
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To eliminate minor dirferences on the bearing surfaces, a 

break-in or run-in period was adopted. This was accomplish- 

ed by varying the speed and load over a time range; see 

chart below. A second factor to be considered in the 

break-in period was oil temperature. For uniformity it 

was never allowed to exceed the test temperature. The 

break-in times were measured from the time the engine was 

started, vth no time allowed for warm-up. 

Time Speed 
hr rpm Load Watts 

1 800-900 Idle O 
1 1400 1/4 full 300 
1 1400 1/2 full 600 
1 1750 Full 1200 

The reference oil was used as the break-in oil for 

each test and was drained after the four-hour period, so 

that a minimum remained. The oil pan was washed with 

Stoddard Solvent to remove sludge, dirt, metal particles, 

and light deposits that collected, then completely dried 

before being refilled with the test oil. At this time 

the connecting rod bearings and copper-lead bearing strips 

were removed, washed in Stoddard Solvent, air dried, 

weïghed, and re-installed. 

The measurement of the 36-hour test period started 

when the oil attained the temperature established for the 

run. This temperature for the hot test run was 212 F and 

for the cold 110 F. An allowance of ± 3 degrees was made 
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in both runs or ambient temperature changes, barometric 

pressure deviations, and similar variations. To insure 

comparable operating conditions the test time of 36 hours 

was to be made in not less than 4-hour periods and no 

more than 6 periods per test. A table of test times, 

including warm-up and break-in, is included in the 

Appendix. 

As the cold run simulated town driving, with its many 

starts and stops and low Oil temperature, 25 ml of water 

wore placed in the pan to aggravate any situation in which 

water would play a part. 

The following data were taken at hourly intervals 

during the test run; engine speed, generator voltage, 

end amperage, oil temperature, fuel rate, fuel temperature, 

air temperature, and air-fuel ratio by the Mixture Master 

Combustion indicator. At 4-or 5-hour intervals Orsat G-as 

Analysis checks were made to verify the Mixture Master 

reading. The barometric pressure and spark advance were 

recorded approximately every 6 to 8 hours. The cold run 

data included readings of the cooling water entering and 

leaving the engine. The valve clearance and gap on the 

magneto braker points viere checked every two runs. 

After the completion of 36 hours at proper oil 

temperature the engine was disassembled and inspected 

visually. This inspection included observations of the 



varnish deposits on the cylinder walls, 

valve stems; the sludge deposits in the 

chamber; and the carbon deposits in the 

on the valve heads, piston top, piston 

grooves. 

To insure clean equipment for the 
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piston skirt, and 

oil pan and valve 

combustion chamber, 

rings, and ring 

succeeding run, 

all parts except piston, piston pin, rings, connecting 

rod bearing, and copper-lead bearing strips viere given 

a preliminary wash of gasoline, acetone, and Stoddard 

Solvent, and a final, thorough wash of 50 per cent acetone 

and 50 per cent Stoddard Solvent. A small fiber paint 

brush was used to wash the parts. The piston, piston pin, 

and rings were cleaned in a special solvent, Cities 

Service Solvent S-26, obtained from Cities Service Oil 

Company, Hillside, New Jersey. T'mis solvent removed all 

carbon deposits and varnish by simply soaking for a few 

hours. Heavy deposits on the cylinder walls or valves 

viere also removed by this solvent when the mixture above 

failed. 

The bearings and bearing strips were washed in 

Stoddard Solvent to remove the naphtha soluble material 

and air-dried before weighing. This process did not 

remove the oxidized deposits from the pieces. After weigh- 

ing, the bearing and one of the bearing strips were washed 

in benzol, dried, washed in chloroform and placed in an 
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oven at 220 F for an hour. If, during the drying of the 

bearing, residual oil discolored the bearing, the specimen 

was re-washed in chloroform and dried as before. The 

oven-dried bearing and strip were then weighed using an 

analytical balance which was calibrated to 0.1 milligrani. 

Photomicrographs were employed for recording the 

extent of corrosion on the copper-lead bearing strips. 
The method followed in polishing the specimens was 

reconended by the CRC Handbook (12, pp674-675). 

Then all parts were dried completely after the 

acetone-solvent wash, they were re-assembled using reference 

oil. The bearing cap nuts were torqued to 20 foot-pounds 

by alternately tightening them in 3 to 4 foot-pounds 

increments. A number of bearing sets were measured, using 

micrometers, to find the maximum deviation in thickness 

and outside diameter. Selecting values for iriaxiniuin thick- 
ness and minimum outside diameter the inside diameter was 

calculated. The calculation was repeated choosing values 

for minimum thickness and maximum outside diameter. After 

measurement of the journal, it was ascertained no bearing 

was over size. These measurements were made to find if 
the force of the torque was applied through the bearing 

to the journal, or transmitted throu the bearing 

shells, or a combination of the tivo. The torque-wrench 

dial had divisions of 5-foot-pounds, but with careful 
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handling a reading as close as 1 Loot-pound could be 

made. 

The head nuts were torqued to 30 foot-pounds, the 

base nuts to 25 Loot-pounds, and the side pa tes holding 

the crankshaft in place, 5 Loot-pounds. New gaskets were 

placed in service each run between the base and block, 

side plates and block, under the breather, valve cover, 

and governor housing. 

To maintain constant operation a new piston, piston 

pin, connecting rod, and valve guides, valve springs, 

valve spring caps and rings were installed at the start 

of the coldtest runs. The valves were refaced and 

lapped, and the stem ground for proper clearance. 

The pan was filled with 2-1/2 pints of oil at the 

start of each test run as well as at the start of the 

break-in run, the level being checked at the midpoint of 

each run. 

At the conclusion of the 36-hour test period, the 

oil was thoroughly mixed and a sample, l-1/2 pints, 

retained in a covered quart jar. This sample was then 

analyzed according to specified ASTIl tests. These tests 

will be discussed in the next section, 

When the tests were completed, all thermometers 

wore removed and calibrated against the melting point of 

ice and the boiling point of water. To complete the 
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correction curves, several intermediate points viere found 

using ASTM thermometers as standards. The readings ob- 

served during the tests were corrected and calculations 

of brake specific fuel consumption were made. 

The value of brake horsepower calculated is the 

amount of energy supplied to the resistor bank. The actual 

brake horsepower of the engine was somewhat higher as the 

generator and instruments were not calibrated. Calibration 

was not considered necessary as the test is a comparison 

and exact values arc not required. 

The efficiency of the generator at Cull load is 

approximately BO per cent (24, p202) and with the opera- 

ting conditions of the test the overall efficiency of 

the unit was estimated at 70 per cent. TUis gave a brake 

horsepower at the engine shaft of 2.4 to 2.5 and a brake 

specific fuel consumption of 0.70 to 0.80 which is near 

the region of operation for a spark-ignition internal 

combustion engine. 
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IV. DESCRIPTION OF PETROIIJ1V TESTS 

The physical properties of the various lubricating 

oils cannot be definitely classified by a single physical 

or chemical test therefore, a series of tests vias 

employed to give as complete a coverage as possible. 

Physical tests are more videly used today than 

chemical tests. This is easily seen as the utility of 

petroleum products depends to a large extent upon their 

physical characteristics. A few serve the manufacturer in 

his many processing steps, while the others act as a guide 

to the consumer as to value or worth of the product. 

The chemical tests servo to protect against im- 

puritios or undesirable constituents. Petroleum is an 

extremely complex raw matorial, varying greatly in 

composition from one locale to another. The chemistry of 

hydrocarbons, is at best a very difficult subject. and 

complete analysis of petroleum mixtures is very costly. 

For these reasons most tests in COL1ÎTIOfl usage today, when 

simplified, do not tell complete stories; therefore, a 

series of tests was selected to cover the most important 

features of the lubricants. These tests include gravity, 

viscosity, cloud and pour points, copper strip corrosion, 

neutralization number and precipitation number. Two values 

were calculated from the data obtained in the tests above, 
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these being the viscosity index and vìscosity-ravity 

constant. 

The gravity of a petroleum oil indicates the weight 

of a measured volume of the oil. This valuo is expressed 

in either specific gravity or degrees API (American 

Petroleum Institute). The former terni is the ratio of 

the weight of a given volume of the material at a tempera- 

ture of 60 F to the weight of an equal volume of distilled 

water at the same temperature. The API gravity scale is 

an arbitrary one which is related to specific gravity by 

the formula: 

141 5 
Degrees API Gr 60/60 op - 131.5 

API gravity is determined by means of a hydrometer, 

or graduated float, and as the density of oils varies with 

temperature, all observations were corrected for tempera- 

ture, to a standard of 60 F. The method followed was the 

American Society for Testing Materials (ASTM) D 287-39. 

The procedure for this test and the other tests can be 

found in the Federal Standard Stock Catalog (11). 

Although gravity in itself does not determine the 

suitability of a lubricant in service, it is a valuable 

test because it is usually linked with other important 

and desirable qualities. In general, for a given viscosity 

grade, the oils having the highest API gravity will have 
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the highest boiling point, be the least volatile, and show 

the least consumption in service. It can also be 

generally said, non-paraffin-base oils have lower API 

gravities than paraffin-base oils, and oils treated by 

acid have lower API gravities than oils treated by 

filtrati on. 

The viscosity, a measure of an oil's resistance to 

flow, is the most important characteristic that an oil may 

have. It is a measure of the physical ability of a fluid 

to maintain lubrication under specified conditions of 

operating speod, temperature, and pressure. The viscosity 

was measured using an instrument called a Saybolt 

Viscosimeter, which is essentially a vertical cylindrical 

tube with a snall opening about 1/16-inch diameter in the 

bottom, closed by a removable plug. The test consists of 

filling the cup with the oil to be tested, adjusting the 

temperature to a set value selected for the test, usually 

100, 130, or 210 F, and allowing the oil to run out through 

the hole in the bottom, The oil runs into a glass 

receiver calibrated to hold 60 ml, and the time in seconds 

necessary to fill the glass is called the viscosity of the 

oil at the test temperature. Thus the heavy or more 

viscous oil will take longer to fill the glass receiver 

or have a higher viscosity than a light oil. ASTRI D 88-44 

procedure was followed in this test. 



An oil should have a sufLiciently high viscosity 

to keep moving parts separated at highest operating 

temperatures. At the sane time it should not be so thick 

at low temperatures as to cause hard starting of the 

engine or excessive power loss in operation due to the 

internal friction of the oil itself. e change in 

viscosity varies with different types of oils, different 

refining methods, and temperature changes. Naphthenic 

oils thin out more rapidly than paraffin-base oils, as 

the temperature increases. To evaluate this relationship 

between viscosity and temperatuie, an arbitrary system of 

comparison called viscosity index (VI) is employed. This 

value is a mathematical expression, founded by Dean and 

Davis (7, pp6le-6l9) and expresses the relative rates of 

viscosity change of oils with temperature change. Two 

groups of mineral oils were selected for comparison, the 

Pennsylvania oils having a low rate of viscosity change 

with temperature were arbitrarily assigned a value of 100, 

while G-ulf Coast oils having a high rate of viscosity 

change were assigned a value of 0. 1hen the system was 

first devised, it was possible to identify the souxce of 

oils with reasonable accuracy from the VI. MoGern methods, 

however, have enabled the refiner to improve viscosity 

indices to a great extent and oils of VI from 30 to 50 

are now prepared from crude that could produce only O to 



27 

lo VI oils by the older methods. The VI was calculated by 

ASTM D 567-41 procedure. 

The viscosity of a lubricating oil can be related 

to its gravity by means of a single nurnber called vis 

cosity gravity constant." This constant is approximately 

the ssrne for all grades of oils produced from a given 

crude, but varies for different types of crudes. Also 

products made from the sanie crude but by different methods 

of refining may show a variation in the viscosity gravity 

constant. The constant generally gives an indication of 

the viscosity index, boiling point, flash and fire point, 

and resistance to oxidation for refined oils without 

additives. The formula used for the calculation was: 

10G - 1.0752 log0 (V-38) 
VGC 

10 - log10 (V-38) 

where 

G = Specific gravity at 60 F 

V Viscosity SSU at 100 F 

thon VG-C is at 100 F 

Some oils show a tendency to solidify at low tempera- 

tures because of the presence of paraffin wax or some 

other impurity, which stays in solution at high tempera- 

tures, but separates out at low temperatures. The cloud 

point is the temperature at which this separation or 

crystallization can first be noticed, and the pour point 



is the temperature at which the oil will cease to poui' 

under certain specific conditLons, le, ASTM D 97-39. The 

test is conducted by placing a jar of the oil, into wbich 

a thermometer is inserted, in an ice-salt mixture. 

Periodically, it is removed and tilted, the surface being 

watched carefully Lor movement. The last point at which 

movement is visible is the pour point, expressed in 

degrees F. If the pour point is too high, oil may be 

prevented from flowing to the pump inlet, causing air to 

be drawn into the pump, delaying Lull lubrication of the 

apparatus. Oils vary widely in these characteristics 

depending upon the source of the crude oil from which 

they are made, upon the grade, upon the method of re- 

fining, and if a special dewaxing operation is included 

in the refining. 

The determination of water and insoluble solid im- 

purities is one of the most important tests made on crude 

petroleum and some of its products. Water will greatly 

increase corrosion tendencies and tond to form emulsions. 

Sediment may act as an abrasive, or it may clog lines and 

lubricating systems. Under high-temperature conditions, 

certain foreign impurities act as catalysts which promote 

oxidation. The ASTM Standard method for Water and Sedi- 

ment bymeans of a Centrifuge (D 96-40) was followed. It 

involves diluting tue oil to he tested with benzol and 
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centrifuging under specific conditions. Because fresh 

oils from the producer are not likely to contain either 

water or sediment, this test is of more value for used 

oils. 

The flash point of an oil product maybe defined as 

the temperature to which it must be heated in order to 

give off sufficient vapors to form an inflammable mixture 

with air. he fire point may be defined as the temperature 

to which a product must be heated in order to burn 

continuously after tne inflammable air-vapor mixture is 

once ignited. T'ne flash point of an oil indicates the 

presence of light ends resulting from the blend or 

dilution of the oil with a liquid of low boiling point. 

With the low flash point oils, the rate of consumption in 

the engine and the vapors blown out of the crankcase will 

be greatly increased. The flash and fire points were 

performed using the Open Cup Method ASTM D 92-45. 

Petroleum products are frequently used in contact 

with metal, and when it is essential that the metal shall 

not be corroded, it is customary to require that the 

products pass an appropriate corrosion test. The corrosion 

substance most likely to be found in these products is 

sulfur. The copper strip test, Federal Standard Method 

5O.3l, consists of placing a polished strip of pure sheet 

copper about one-half inch wide in a clean test tube and 
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adding enough of the oil to cover it completely. The tube, 

with a vented stopper, is maintained for three hours at 

212 F. The strip is thenwashed with sulfur-free acetone 

and compared to a control specimen. This method is not 

very accurate with oils containing additives as the 

constituents of the additive may combine with the metal 

and give a discoloration without any harmful effects. 

The neutralization number indicates the presence 

of orgaiic materials having acid characteristics, or the 

contamination of the oils by alkalies and mineral acids. 

It is therefore the measure of any constituent contained 

in the oil that will combine with potassium hydroxide 

or sulfuric acid. In fact, the term "Neutralization 

number" of an oil is defined as the weiit in milligrams 

of potassium hydroxide required to neutralize one gram 

of oil. The test method ASTM D 188-27T, requires s. 

weighed quantity of oil mixed with a hot alcohol extract, 

titrated with the standard alkali. 

In service, oils combine with the oxygen of the air 

in varying degrees, according to the quality of the 

individual oil and the conditions of service, to form 

heavy, sludge-like, non-lubricating bodies which are 

asphaltic in character. These bodies are undesirable 

because they cause piston rings to stick, tend to plug oil 

lines and filters, and may even coat bearing surfaces with 
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a non-lubricating film. The ASTM Standard Method of Test 

for Precipitation Number of Lubricating Oils D 91-40, 

involves diluting the oil to be tested with petroleum 

naphtha of specific properties, and separating the 

precipitate by centrifuging. 

A color test usually involves comparisons with a set 

of standard colors in either transmitted or reflected 

light. False significance is often attached to the color. 

Viscosities cannot be predicted from color; in fact, very 

little knowledge of the suitability of an oil as a 

lubricant can be gained through a color test. The coloring 

matter in petroleum oils consists of very complex un- 

saturated hydrocarbons, which decompose under heat or 

when exposed to oxidization. Oxidization darkens the 

color and if moisture is present the oil becomes cloudy 

in appearance. For these reasons the color test is used 

as a comparison between the new and used state. The Union 

Colorimeter ASTLI D 155-45T whose measurements depend 

upon matchi'ig the color of a given depth or thickness of 

oil with the various color standards, was employed for 

the test. 
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V. TEST RESULTS 

The test iesu1ts have been tabulated on pases O 

to 97 with the more important elements presented in chart 

form pages 52 to 61. The method employed for computation 

of the mechanical test results was dividing the 36-hour 

test periods into three equal parts, as nearly as possible, 

and finding the average of each roup. These three 

averaes, and their average, are the values found in the 

tabulated form. The bar charts Fig. 4 to 23, in which 

the height is proportional to the magnitude of the 

quantity represented, are based on the reference oil and 

six mixtures. The key to letters adopted 'or the columns 

on the charts can be found on page 66. 

The mechanical results have been consolidated into 

two variables, brake horsepower and brake specific fuel 

consumption, Fig. 4 and 5, page 52. The additives, 

except B, in the hot runs, increased the horsepower output 

and decreased the brake specific fuel consumption, as 

compared to the reference oil. The effect was not as 

pronounced in the cold runs, the increase in horsepower 

being only a few percent. e brake specific fuel con- 

sumption of the referonce oil was at the average of all 

oils. The effect of humidity on performance was 

neglected, as the pressure of water vapor is small compared 
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to the total pressure. The cor:ectbn for air temperature 

and barometer pressure variation was neglected as the 

extreme conditions would not cause an error of over 

3 per cent. The maximum combined deviation in the remain- 

Ing operating variables; spark advance, speed, air-fuel 

ratio, fuel temperature, and water jacket temperature was 

found to be 5 per cent, which is small enough to be 

neglected. 

T'ne bearing data, Fig. 6 to 11, show the wear, 

oxidization deposits, and total weight loss. Weight loss 

of the connecting rod bearings was measured as milligrams 

per hour of engine running time, Fig. 6. The copper-lead 

bearing strip weight loss is reported as milligrams per 

hour immersed in the test oil, Fig. 7. lashing the bear- 

ings and strips in Stoddard Solvent removes the lubricating 

oil, but not the oxidized products or varnish. The benzol- 

chloroform washing will remove the oxidized products, 

varnish, and other hydrocarbons remaining on the metal. 

The difference of weights obtained by the two operations 

gives the weight of oxidized deposits and varnish. The 

weight o1 the varnish deposits was small compared to the 

oxidized deposits. Fig. S and 9 represent the percent of 

original weight in oxidized products formed on the bearing 

and strips. 

Types and degrees of bearing wear are illustrated in 
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Fig. 3 page 51. The upper left bearing is new, with the 

remaining seven having been run in the engine for the 

prescribed 36 hours. Bearings 13 and 6 have spot wear, 

or wear in several areas. Bearings 4 and 3 have small 

grooves and a little spot wear, while 7, 15, and 8 have 

groove wear, 8 being the worst. 

The corrosion of the copper-lead bearing strips was 

measured by photomicrographs taken at a magnification of 

250. The control specimen, Fig. 24, was not placed in 

oil, but mounted and polished to avoid any possible 

corrosion. Fig. 25 shows a representative corrosion 

cross section end view with the surface of the strip at 

the top. The corrosion of the strips, in nearly all 

cases, developed under and parallel to the sui'face with 

projections, at irregular intervals, away from the 

surface. The photomicrograph shown was taken from the 

copper-lead strip in additive F hot run. The following 

additives showed evidence of corrosion similar in extent 

to F, B hot, C cold, D cold, and G hot. There were 

several additives whose acids corroded the copper-lead 

strips only slightly; these were B cold, C hot, and E 

hot. The others had no corrosion or a very slit amount 

that was not detected. To find the extent of corrosion, 

a niesurement was made of F hot run at a magnification of 

250. The results showed a depth of 0.0073 inches. 
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The oxidized deposits on the connecting rod bearings 

varied from those on the copper-lead strips. This was 

anticipated due to the static condition of the strip and 

the relative motion of the journal and bearing. The 

difference was small with certain additives and large 

with others. This did not indicate the catalytic effect 

of the copper-lead strip as would be expected. Oxidized 

deposits averaged higher in the hot runs than in the 

cold. The lowest value was that of oil G cold run. 

There is a correlation between the weight loss and 

oxidized deposits, for the connecting rod bearings, in 

the fact that high weight losses accompanied high 

deposits and lower weight losses usually accompanied 

lower oxidized deposits. This correlation was not found 

with the strips. 

It was interesting to note that with additive G in 

the hot run, the copper-lead strip did not lose weight 

but gained 0.2 mg. This bearing strip was one of the 

worst corroded specimens. The oxidized deposits on the 

strip were 1.96 per cent, which is low compared to values 

of 6, 8, or 2J per cent, found in comparative runs. 

The oil test results, Fig. 12 to 23, include three 

values; the pre-test or new oil, the hot oil temperature 

test used oil (hot tested), and the cold oil temperature 

used oil (cold tested). ae gravity and viscosity gravity 
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constant are the only factors whose value did not change 

a large amount during the test. As the proportions of 

additives to reference oil varied from i to 3 to i to 16, 

the average being i o 8, these properties of the additive 

except for several cases :;erc over-shadowed by the 

properties of the reference oil. 

The viscosity index, Saybolt viscosity (SU) at 

loo F, Sayboit viscosity (SSU) at 210 F, and flash and 

fire points indicate the ssrne change in the additives. 

As the viscosity SSU at 210 F is lowered, the flash and 

fire points are lowered and the viscosity index in- 

creases. A large arriount of this change was due to dilu- 

tion of the oil during the low temperature runs by 

unburned gasoline which found its way into the crankcase. 

This is verified by the low flash point temperatures of 

the lubricating oils after running. 

The SAE viscosity number of the reference oil was 

30. The viscosity during the hot test runs increased 

slightly but decreased during the cold runs. The reason 

again can be found in the sludge and carbon formation and 

the dilution effect of the respective test run oils. The 

viscosity indexes of the hot runs were 7 points hiaer, 

on an average, above those of the pre-tested oils, while 

the increases during cold runs averaged 17 points. 

The hot run had less effect on the flash and fire 
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points than the cold run. The low temperatures 200 to 

300 F are due as mentioned beL'ore to the dilution of the 

oil by unburned fuel. The trend of the flash and eire 

points was followed inversely by the oil consumption. 

Although no direct measurement of oil consumption was 

employed, a visual check was nade after each test run. 

The oil mixtures with the highest consumption in both test 

runs contained additives D, E, and F. The flash point 

temperatures observed after the cold temperature test 

run for additives E and F indicate a greater effect of 

dilution than the remaining additives. 

The water and sediment test results for the cold 

run were lower than anticipated. As 25 ml (2.11 per 

cent of total volume) of water was added at the start of 

the run a higier figure than 2 per cent was expected. The 

cold tested values varied from 2 to 7 times the water and 

sediment of the hot tested values. As the cold oil 

temperature did not exceed 115 F1, it is improbable that 

the water evaporated. It can be concluded that the water 

reacted chemically to form a stable emulsion with oil. 

The neutralization number indicates the amount of 

both organic and inorganic acid bodies contained in the 

lubricant. The neutralization number of a new oil is 

no longer consictereci to be of particular importance for 

the reason that beneficial additives are sometimes present 
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which may act to increase the original acid content. The 

important factor of the neutralization number is the 

amount of change due to operating conditions. Two addi- 

tives B and F decreased the original neutralization number; 

additive C had little effect with the remainder increasing 

the value. After the hot test run the numbers were 

l-1/4 to 4 times higher, while the increase for the cold 

test runs was i-1/2 to 13 times the pre-test oils. Prom 

the magnitude of the two changes, the cold test run gave 

the more severe operating conditions, although this was 

not substantiated by the bearing corrosion photomicro- 

graphs. For comparison the cold test run numbers were 

l-1/4 to 4 times higher than the hot test run numbers. 

The precipitation number, used to check the oxidi- 

zed products, carbonaceous matter, and asphaltenes, 

produced identical results for hot and cold operating 

conditions for oil A and additives D and F. The remaining 

additives had higher cold run numbers than hot. These 

results do not correlate very well with the percent 

deposits found on the bearings and strips. 

The copper strip corrosion test results appear in 

Fig. 22. 

The color test has no direct connection with the 

stability characteristics of the additive, but the used 

oil color test xnay give an indication of the oxidation 
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and sludge formation. The initial color change is due 

entirely to the additive, while the final color change is 

dependent upon the extent of oxidation. There can be 

no definite measurement of the extent of oxidation by 

color, only a generalization. All the used. oils were 

measured in the diluted form, ie, 15 per cent lubricating 

oil and 85 per cent by voiwue of kerosene. Additives E 

and F were too dark even in the diluted form for a 

satisfactory measurement. The darkness of these two ad- 

ditives indicate the oxidation and carbon suspension is 

higher than in the others. 

ie final oil test result to be discussed is the 

cloud and pour point temperature. e test was performed 

only on new oils. The pour point temperature was lowered 

lo degrees by additives C, D, and F, and 5 degrees by 

additive B. Te first group of additives is the same 

as the ones which produced the greatest change in the 

viscosity. The cloud point did not correlate with the 

pour point as seen by additive F whose cloud point is 

at 38 F and pour point at -10 F. Only two of the additives 

lowered the cloud point; these were B and C. 

To eliminate the possibility of fuel variation, 

250 gallons of regular-grade gasolinc were purchased before 

beginning the test runs and stored in five drums. The 

gasoline was examined in the laboratory to determine its 
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properties and characteristics. The results of the tests 

appear on page 68. The values for gravity, acid heat, 

sulfur, and copper strip corrosion were made from a fresh 

ssple of gasoline. The remaining tests were made freni a 

sample stored for five weeks in a stoppered bottle; these 

were the aeid vapor pressure, air jet gum, water and 

sediment and distillation. 

The additive mixtures for the hot runs reflected. 

approxiniately a 15 per cent increase in horsepower output 

of the test engine compared with results obtained with the 

reference oil. There were some irregularities in these 

results due to generator difficulties. In the cold run 

the horsepower average obtained using additive mixtures 

was 2,2 per cent higher than the reference oil horse- 

power. This slight increase cou±d be produced by many 

causes, for example, the reduction in oil viscosity 

caused by the additive. 

The carbon and varnish deposits in the combustion 

chamber, on the piston top, the piston skirt, cylinder 

wall, and on the various parts as determined by visual 

inspection are surrmied up as follows: 

Oil A 
I-lot and cold runs 

Light deposits in combustion chamber, 
slightly heavier on piston top, little 
discoloration of copper-lead bearing 
strips. 
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A.dditive Llixture 13 

Hot run 
Medium carbon deposits, compression rings 
had carbon deposits, copper-lead bearing 
strips turned to a bright red. 

Cold run 
Heavy deposits on piston top and in combustion 
chamber, negligible discoloration of copper- 
lead bearing strips. 

Additive Mixture C 

Hot run 
Medium carbon deposits, copper-lead bearing 
strips colored a bright gold. 

Cold run 
Heavy deposits in combustion chamber, ai top 
of piston - slight varnish on upper cylinder 
viali. No noticeable discolorationof the copper- 
lead bearing strips. 

Additive Mixture D 
Hot run 

1-leavy carbon deposits, varnish on upper 
cylinder walls. The copper-lead bearing strips 
turned to dark gold. 

Cold run 
Heavy deposits on piston and cylinder head. 
Varnish on piston skirt and cylinder wall. 
Deposits on ali rings - slight black deposits 
on connecting rod bearings. 

Additive Mixture E 
Hot run 

Slight to medium deposits in combustion 
chamber and on piston top - one copper-lead 
bearing strip turned light gold - the other 
dark. 

Cold run 
Black deposits on 20 per cent of connecting 
rod bearing area - heavy carbon on cylinder 
head and top of piston. Medium deposits on 
rings. 
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Additive Mixture F 
Hot run 

Heavy black deposits over entire crank- 
case. Black film over entire bearing 
surface. Large areas of varnish on 
piston skirt. Rings and top of piston 
have slit deposits. Deep grooves in 
connecting rod bearings. One copper-lead 
bearing strip violet, one tan, or medium 
gold. 

Cold run 
Medium deposits in combustion chamber and 
on top of fiston. Black deposits on 
connecting rod bearings. Little discolora- 
tion of copper-lead bearing strips. 

Additive Mixture G 
Hot run 

Light carbon deposits in combustion chamber 
and on piston top. Carbon deposits on 
rings. Little discoloration of copper-lead 
bearing s trips. 

Cold run 
Small dark deposits on connecting rod 
bearings. Medium carbon in combustion 
chamber and on piston top. Few Ïight 
varnish deposits on skirt. 
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VI. SIGNIFICANCE OF RESULTS 

The copper-lead bearing strips lack the chemical 

inertness of the babbit bearings, being corrodible by- 

products of oil oxidation. This corrosion attack in 

most cases results in solution of the lead phase and 

production of a porous and weakened copper structure. 

A number of factors affect the rate of corrosion of these 

bearing strips and for the results to have significance, 

the factors must be carefully controlled (19, ppl3-l6, 

21, pp533-537). These may be surmnarized as follows: 

1. Degree to which the lead has been leeched 

out of the surface laycr of bearing. 

2. Llotion of bearing sample with respect to 

surrounding oil solution, 

a. Stationary specimen, mildly agitated 

solution; corrosion rate controlled 

by nature and concentration of 

oxidizing agents present in oil. 

b. High speed rotation of specimen, 

corrosion rate controlled by nature 

and concentration of acids present. 

3, Ratio of volume of oil to area of bearing. 

4. Temperature. 

Corrosion rate dependent on temperature 

for given composition of oil and 



44 

oxidized products in the oil. 

5. Fineness of the bearing main structure. 

Corrosion resistance increased by 

improving the fineness. 

6. Surface coating. 

Surface plating with indium improves 

corrosion resistance. 

The procedure followed in the experiment allowed 

no variations in the above factors except for No. 3. The 

area of the copper-lead bearing strip ranged from 0.25 

to 0.51 square inches, a 25 per cent deviation. The area 

of the strip is small compared to the volume of oil in 

the pan (72 cubic inches); therefore,the area deviation 

has little effect. The copper tubing coiled in the oil 

sump, with an area of 125 square inches, would have a 

great effect on some acids and oxidized products due to 

the large area. The rate of corrosion attack on the 

copper coil will depend upon surface conditions, 

concentrations of acids and oxidized products, nature of 

inhibitors in the additive, temperatures involved, and 

products remaining from previous test runs. Although the 

pan assembly was washed thoroughly, the construction of 

the unit made it rather difficult to rub or brush all 

surfaces. Considering all factors there is a tendency for 

the additives to corrode copper-lead bearings, but the 
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rate or amount is not determined. 

The procedure for installation o1 connecting rod 

bearings and the precautions ta1en to avoid any dirt 
or forei particles on the surface when assembled leaves 

only the bearing as a variable. This variable includes 

any deviation in composition, inicrostructure, or bonding 

of the babbit to the steel back. As the bearings are 

nass prodLueed , it could be possible that a discrepancy, 

mentioned above, occurred but it is very improbable. 

The mechanical test data, horsepower, and brake 

specific fuel consumption were based on output at the 

control panel. To assume the data are comparable is to 

assume a constant loss in the generator and a constant 
error in the control instruments. The generator losses 
can be divided into three parts; mechanical (windage, 

bearing friction, and brush friction), iron (hysteresis 
and eddy current), and copper (armature, commutating 

field, brush contact, and shunt field). The iron losses, 
copper losses, except brush contact, and windage can be 

considered constant as the deviation of speed and amperage 

for each test condition was insignificant. Bearing 

friction changes occurred because the bearings viere 

packed twice, at the beginning of the test runs and on B 

cold run. The brush friction and brush contact losses 
varied because the brush surfaces were not polished at the 



beginning of the test runs. The contact area increased 

with operating time. The greater the contact area, the 

more frictional resistance and the less brush contact 

loss. Vhether friction or contact area has greater effect 

is not known, but it is believed that neither is 

significant in the final tabulation. 

The change in viscosity characteristics of the 

reference oil by the additives was probably the most 

important physical property variation that occurred. The 

viscosity of the oil at the operating temperature is the 

property which determines the bearing friction, heat 

generation and rate of flow under given conditions of 

speed, load, and bearing design. Checks of viscosity 

of refercnce oil-additive mixtures before testing in- 

dicated that several additives had very low viscosities. 

Low viscosities give insufficient oil film and therefore 

increase bearing wear. 

The copper strip corrosion test is an accelerated 

test for the potential corrosiveness of a lubricant. 

There are many factors which affect the extent and rate 

of corrosion. Among them are sulfur, iriibitors, metals 

in contact, temperatures, air and moisture. A bright red 

stain on the copper strip indicates presence of fatty 

acids, while corrosion stain is black or dark brown 

(9, p 259). The test does not produce a definite uyestt 
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or "no" to corrosion as xn.any of the aforementioned factors 

viiil stain the strip and still not be harmful. 

All mineral oils, even those VILL1Ch are most 

thoroughly refined, have at least a small neutralization 

number. These acid components come from organic con- 

stituents found in the crude petroleum or in 501110 instances 

from the chemical treatment given an oil in the course of 

its refining. The neutralization number method employed 

measured the acid bodies without regard to their being 

mineral or organic in nature. The neutralization number 

for additive-containing oils is sometimes higher than 

for straight-run as the potassium hydroxide reacts with 

the additives. 



VII. CONCLUSI OHS 

Tills project was to determine the stability of 

six connercial lubricating oil addition agents in an 

internal combustion engine. As no one test can evaluate 

all the properties of a lubricant, a series of tests was 

made to investigate some of the more important character- 

istics. From the results of these tests, certain 

tendencies and trends were observed. 

The addition of water to the crankcase accelerated 

the deterioration and breakdown of the additive-reference 

oil mixtures as evidenced by the increased neutralization 

number and precipitation number. 

Photomicrographs showed there was corrosion of the 

copper-lead bearing strips by additives , C, D, F, and 

G. 

Visual inspection of engine parts at the termination 

of the 36-hour test period indicated that the additives 

did not prevent carbon deposits or sludge formation to 

any greater degree than the reference oil. 

The neutralization number was highest in additive 

D. This addition agent gave the greatest weight loss and 

oxidized deposits of the copper-lead bearing strips in 

both hot and cold runs. 

Additive F, which had the lowest flash and fire 



points, viscosities, and largest oxidized deposits, had 

the greatest loss of weight of the connecting rod 

bearïngs. 

All of the additives had a definite fect on the 

physical properties of the reference oil. 



VIII. SUG-ESTIONS FOR FU1TURE WORK 

The engine and test unit employed in this investi- 

gation were adequate for the requirement, but left much 

to be desired. The controls and methods of control lacked 

refinement and the final polish necessary to obtain precise 

readings. A more comprehensive test, one taking several 

years, could be outlined with the following recommendations: 

1. Use of four or six cylinder engine, more 
adaptable to the L-4 test, would be easier 
to control with regard to speed and 
horsepower output. 

2. Inclusion of at least one main bearing and 
one connecting rod bearing with a copper- 
lead composition. 

3. For accurate horsepower observation and good 
sensitivity, use of a dynamoraeter as the 
power absorbing unit. 

4. Operation at a higher crankcase temperature 
to accelerate oxidation and deterioration 
of the lubricating oil. 

5. Placing the test unit in an air-conditioned 
room so the fuel and air temperature will 
remain relatively constant. 

6. Inclusion of the following tests in the 
laboratory analysis. 

a. Carbon residue, indici 
formation texadencies. 

b. Ash content, quantity 
combustible matter in 

C. Oxidation test of the 
or McKee-Fritz type. 

ubes sludge 

of non- 
oi 1. 
Underwood 

7. Inclusion of the effects of conercial add!- 
tives on regular additive motor oils obtained 
from gasoline filling stations. 
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DESIGNATIONS OF ADDITIVE 

Letter Additive 

A Reference 

B Bardahi 

C Marvel Mystery 

D Shaler Rislone 

E Wynn's Friction 
roofing Oil 

F Wynoil 

G Pyroil B 



.NGILrE SPECIFIOATIONS 

Name: Lauson, Iviodel LF-822 4 cycle, water cooled. 

Cyiino.r L heaQ. single vertical 
Strolce 2.5 inches 
Bore 2.625 inches 
Displacement .L.b2 inches, cubic 

Rated rower: 

.70 hp at 3000 rpm 
at 2400 rpm 

2.75 at 1800 rpm 

Compression Ratio : 6.5:1 

Carburetor Horizontal draft, automotive 
float feed type 

Oil Capacity 2.5 pints 
Cyiinder W, Integral casting with 

block 

Piston Rings: 2 compression /32 inch thick 
I Oil 1/8 inch thick 

Valve Diameter 
Connecting rod iength 
Connecting rod bearing 
Wrist pin aiameter 
Spark plug 
Main bearings 
Lubri cation 
ignition 
Governor 

67 

1.25 menes 
5 125 
l.i25 X 1.00 inches 
0.625 inch 
18 
Tapered roller 
Splash with oil pump 
High tension flywheel type 
Blyball type with speed regular 

Water pump: All bronze, gear type 



SjE ThST i.ATA 

Corrosion, Copper Strip 

iater and. Sediment 

ravity 

Acid Reat 

Reid. vapor .ressure 

Air iet Gum 

Sui fur 

uISïIiATION 

Sligflt 

Trace 

58.3 A.P.I. 60/60'F 

75 F 

6.2 psi 

38 mg/ioo mi 

0.257 per cent 

Per cent .1er cent aoG Temperature Evaporated. Temperature 

ibp iO3 50 2t2 

b ibu 60 276 

LU 70 294 

20 i93 80 322 

206 90 329 

40 226 95 591 

391 

Loss 3.0 mi 

Residue 2.0 mi. 



TEST TIMES 

Auditive Breaic-in Warn-up Test Total Test-oil Total Time 
Time Time Time Running running for Oil 

Time Time in Pan 

Hot Test 

A 4:00 l:5t 36:00 41:55 37:55 61:00 
B 4:15 .1:45 36:00 42:00 37:45 58:00 
C 4:05 2:15 35:00 42:20 8:15 65:00 
D 4:00 2:35 36:30 43:05 39:05 51:00 
E 4:00 0:30 36:00 40:30 36:30 57:30 
F 4:00 0:30 36:00 40:30 36:30 38:00 
G 4:30 2:15 36:00 42:45 38:lb b4:00 

Coiu Test S 

A 4:20 3:15 36:45 44:20 40:00 49:30 
B 4:10 0:25 36:00 40:35 36:25 49:00 
C 4:lb 0:45 36:00 41:00 56:45 39:30 
D 4:25 0:45 36:00 41:10 36:4b 38:30 
E 4:00 u:30 36:05 40:35 36:35 39:00 
F 4:Ob 0:35 36:05 40:45 36:40 41:30 
G 4:05 0:30 36:00 40:35 36:30 39:30 



0 

REFERENCE OIL 

MECHANICAL DAlA 

Hot Tested Cold. Tested 

Horsepower 1.3?4 1.710 
1.278 1.ó65 
1.377 1.717 
1.44 1.695 

BraKe SpeciIic 1.261 1.066 
Fuel Consumption 1.410 1.084 
Ib/unp-nr 1.297 1.073 

1.322 1.075 

Fuel Consumption 1.732 1.823 
lb/hr 1.802 1.805 

1.786 1.842 
1.775 1.823 

Speed. .1720 1812 
rpm 1797 1803 

1797 1811 
1771 1812 

Air Fuel Ratio 13.4 13.7 
Mixture Master 13.5 13.6 

J..3.b 

13.5 13.7 

Orsat 13.5 
13.7 

4 
13.5 

Spark Advance 24 29 

BTC 27 29 
27 29 
26 29 

Barometric Prsure 29.70 29.88 
in. Hg 29.84 30.04 

9.77 0.05 
29.77 ¿9.98 

70 



REFERNCE OIL 

1t CiIANI CAL DkJA (CON' T) 

Vol t S 

Amp s 

Oil Temperature 

Fuel Temperature 
'F 

Air Temperature 
'F 

Jaoicet Temperature 
'F 

Cooling Water In 
Temperature F 

Cooling Water Out 
Temperature F 

Hot Tested 

81.3 
78 1 
81 5 

80.5 

12.6 
12.2 
12.6 
12.5 

211 O 
12.O 

215.0 
213.0 

80.0 
86 1 
86.0 
84 O 

72.3 
79.2 
79.4 
76,9 

211.6 
211.9 
211.8 
211 8 

71 

Cold Tested 

92.4 
91.3 
92.8 
92.1 

13.8 
13.6 
13 8 
16.7 

113.8 
112.6 
100.0 
108.? 

78.0 
79.1 
76.1 
77.? 

72.3 
73.4 
72 i 
72.6 

110.1 
108.8 
lOb.8 
108.5 

147.5 
144.4 
142.3 
144.7 



REYERENCE OIL 

BüNì DAlA 

$ HotT 
(Jon Roci 

Initial Weight a 23.5796 
b 

Run In Weight a 2.5723 
b 

Final Weight 

sted 
Strip 
4.3629 
5.5389 

4.3625 
5.5383 

72 

Cold Tested 
Con Rod Strip 

23.7560 4.1244 
4.113 

¿3.7515 4.1242 
4.6112 

Stodciard Solvent a 2.5672 4.3621 23.74r/9 4.1240 
b 5.5379 4.3110 

Benzol ana. a 23.5662 23.7456 
Chloroform b 5.5377 4.3102 

Weight Loss 
Initial a 0.0073 0.0004 0.0045 0.0002 

b 0.0006 0.0001 

Test Run (SS) a 0.0051 0.0004 0.0036 0.0002 
b 0.0004 0.0002 

Test Run B0) a 0.0060 0.0059 
b 0.0006 0.0010 

Total a 0.0134 0.0008 0.0104 u.0004 
b 0.00)2 0.0010 

Difference a 0.0009 0.0023 
(33-BC) b 0.0002 0.0008 

Total Running in a 0.1579 0.1475 
Test Oil b 0.0098 0.0202 

mg/hr X i"' 
Oxidized Deposits a 3.833 9.682 

percent X 1O b 3.61 

All weights in grains 



TRNCE OIL 

OIL DATA 

Pre- 
Test 

Gravity dog A.?.I. 27.7 
6U/60 F 

Viscosity SSU 479.5 
at l00 F 

Viscosity SSU 
at 210' F 

Viscosity Index 104.0 

Viscosity Gravity 0.823 
Constant 

Flash 'F 495 

Fire 'F 555 

Vater and Sediment None 
e r cent 

Neutralization Number 0.068 
mg OH/gm oil 

Precipitation Number 
ml/lo ml oil 

Corrosion, Copper Very 
Strip at 212' F Slight 

Color Union 
AS 

Cloud .koint 'F 28 

Pour ioint 'F 0 

Hot 
Tested 

27.8 

Cold 
Test ed. 

28,1 

442.0 372.4 

62.7 58.4 

107.5 107.8 

0.822 0.822 

480 405 

530 490 

0.10 0.2 

0.086 0.101 

0.025 0.025 

None None 

dii dii 

73 
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MEANICAL DATA 

Hot Tested. Cold Tested. 

Horsepower 1.4í6 1.694 
1.424 1.743 
i.72 1.792 
1.396 1.743 

Brake Specific 1.267 1.113 
Fue± Consumption 1.323 1.099 

ib/ohp-hr 1.378 1.0'?2 
1.630 1.094 

Fuel Consumption 1.819 1.885 
lb/hr 1.884 1.916 

1.890 1.921 
1.865 1.907 

Speeo. 1720 1798 
rp 1797 1814 

1797 1824 
1774 1812 

Air Fuel Ratio 13.0 13.8 
Mixture Master 1.2 13.8 

16.5 13.8 
16.2 lò.b 

Orsat 13.7 
13.5 
13.7 
16.6 

Sparic Acivance 28 28 

°BTC 28 28 
28 28 
2 28 

Barometric Fressure 29.70 29.65 

in. Hg 29.39 29.73 
29.59 29.53 
26.56 29.64 



JìRDABL 

ILCHANIOAL DATA (CON'T) 

Volts 

Amp s 

Oil Temperature 
SF 

Fuel Temperature 
°F 

Air Temperature 
.F 

Jaelcet Temperature 
SF 

Cooling Water In 
Temperature F 

Cooling Water Out 
Temperature F 

Hot Tested 

82 4 
82.3 

82.3 

13.0 
12.9 
12.3 
12.7 

214.2 
214.3 
214.2 
2.1.4.2 

77.2 
80 O 

75.0 
77.1 

73 1 
74.2 
71.2 
72.8 

211.6 
211.1 
211.5 
211 4 

'75 

Cold Tested. 

92.2 
93.5 
94 8 
93.5 

13.7 
13.9 
14 4 
13 9 

103.2 
104.5 
109.8 
105.8 

t -J 

70 O 
70 8 
71.2 

67.9 
65 8 
65.9 
66.5 

100.7 
103.4 
107.0 
103.7 

123.5 
12 6 4 
129.5 
126.5 
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BARDAEL 

OIL DATA 

Pre- Hot Cold. 

Test Tested. Tested 

Gravity deg A.P.I. 26.6 27.8 28.1 

60/60 F 

Viscosity SSTJ 45l. 411.5 234.9 

at 100 F 

Viscosity 3313 1.1 61.4 50.5 

at 210 F 

Viscosity Gravity 0.831 0.829 0.829 

Constant 

Flash F 495 480 235 

Fire F 525 515 365 

Water and Sediment None 0.10 0.? 

Feroent 

Neutralization Number 0.208 0.341 0.71 

mg K0H/gm oil 

Precipitation Number Trace 0.025 

ml/ 10 ml oil 

Corrosion, Copper 
Strip at 212 F Very Slight Slint 

Slight 

Color Union 4* -5 5 

A3 dii dii 

Cloud Point F 20 

Pour Point 'F -5 



BARDABL 

BEARING DATA 

Hot Tested 
Con Rod Strip 

Initial Weight a 23.7856 5.3588 
b 5.2805 

Run In Weignt a 23.7795 
b 

Final Weight 
Stod.d.arci Solvent a 23.7738 5.3564 

b 5.2782 

Benzol and a 23.7732 
Chloroíorm b 5.2780 

Weight Loss 
Initial a 0.0061 

b 

Test Run (SS) a 0.0u57 
b 

Test Run (BC) a 0.0063 
b 

Total a 0.0124 
b 

Difference a 0.0006 
(ss-Ba) b 

Total Running in a 0.1669 
Test Oil b 

mg/hr X 10 

Oxidized Deposits a 2.522 
percent X lU b 

All weights in grams 

0. 0024 
0. 0023 

0.0025 

0. 0024 
0. 0025 

0.0002 

0.04310 

3480 

'77 

Cold Tested 
Con Rod Strip 

23.51±5 4.7722 
5. 3226 

23.5098 4.7725 
5. 3229 

23.5048 4.7714 
5 3216 

23. 5028 
5.3216 

0.0017 -0.0003 
-0.0003 

0.uuSO 0.0011 
0. 0013 

0.0070 
0. 0013 

0.0087 0.0008 
0. 0010 

0. 0020 

0.1940 
0. 02656 

8.506 
o 



WRViL IvIYSTRY 

E CHAN I GAL DATA 

Hot Tested Cold Tested 

Horsepower 1.570 1.717 
.1.469 1.755 
1.481 1.782 
1.O5 1.7b0 

Brake Specific 1.113 1.101 
Fuel Consumption 1.166 1.08ö 

lb/bnp-hr i.162 1.087 
1.147 1.092 

Fuel Consumption 1.747 1.891 
lb/hr 1.709 1.906 

1.721 1.937 
1.726 1.911 

Speeci 1806 1788 
rpm 1753 1806 

1752 1841 
1770 1811 

tir Fuel Ratio 13.5 1.36 
Mixture Master 1.36 

13.3 1.39 
13.4 1.37 

Orsat 13.6 13.7 
13.5 iò.6 
13.4 16.7 
16.b 13.6 

Spark Advance 27 28 
BTC 27 25 

27 25 
27 26 

Barometric Pressure 29.57 29.76 
in. H 2).30 29.94 

29.59 29.62 
24.49 29.76 



MARVEL MLi. 

Mß CUAN I (IAL DATA ') 

Vo lt s 

Amp s 

Oil Temperature 

Fuel Texuperature 

Air i.'emperature 
F 

Jacket Temperature 

000ling Water In 
Temperature F 

Cooling Water Out 
Temperature F 

Hot Tested 

88.7 
85.5 
86.3 
86.8 

13.2 
12.8 
12 a 
12.9 

215.b 
213.9 
2Q4 2 
211.2 

84 8 

b4 7 

85 4 

79.8 
81 4 
8i.1 
80 8 

¿11.0 
¿11.5 
¿11.3 

VÄJ 

Cold Tested 

92.8 
93.5 
94.9 
93.7 

1t 8 
14.0 
14 O 

13.9 

107.1 
107.8 
105.5 
lOb 

7c.5 
?b 
67.6 
74.b 

69.3 
'70.8 
bb.4 
b8 8 

103.2 
102.3 
102.1 
102.5 

140.2 
L9.8 
141 4 
14 0 5 



MARV1 LYSERY 

OIL DATA 

Pre- Hot 
Test Tested 

Gravity deg A.P.I. 28.0 27.4 
60/60 F 

Viscosity SSU 348.0 420.2 
at loo F 

Viscosity SSU 55.0 59.5 
at 210 F 

Vixcosity Index 97.0 99.0 

Viscosity Gravity 0.823 0.826 
Cons tant 

Flash 'F 385 440 

Fire F 460 490 

Water and Sediment None 0.15 
Percent 

Neutralization Number 
mg KOH/gm oil 

Precipitation Number 
ml/lO ml oil 

Corrosion, Copper 
Strip at 212 'F 

Color Union 
ASTh 

Cloud Point 'F 

Pour Point F 

0.0673 0.119 

0.025 

None None 

-5 

18 

-io 

4 
dii 

Cold. 
Tested 

28 O 

241.0 

50 2 

110.0 

0.861 

245 

385 

0.3 

O 235 

O 05 

No ne 

4 
dii 



MARVEL 1YSTERY 

BEARING DATA 

Hot Tested 
Con Rod Strip 

Initial Weight a 23.7340 4.2050 
b 5.5054 

Run In Weight a 23.7256 4.2049 
b 5.5051 

Final Weight 

81 

Cold Tested 
Con Rod Strip 

23.8369 4.8675 
4. 9254 

23.8345 4.8674 
4. 9252 

Stoddard Solvent a 23.7223 4.2049 23.8304 4.8672 
b 5.5054 4.9250 

Benzol and a 23.7204 23.8293 
Chloroform, b 5.5050 4.9247 

Weight Loss 
Initial a 0.0084 

b 

Test Run (SS) a o.0u33 
b 

Test Run (BC) a 0.U052 
b 

Total a 0.0136 
b 

Difference a 0.0u19 
(SS.-BC) b 

Total Running in a 0.1359 
Test Oil b 

mg/hr X io 

Oxiaized Deposits a 8.005 
percent X l0 b 

All weights in grams 

0.0001 0.0024 0.0001 
0.L)003 0.0002 

0.0000 0.0041 0.0002 
-0.0003 0.0002 

0. 0052 
0.0001 0.0005 

o.OuOl 0.0076 0.0003 
U.0u04 0.0007 

0.0011 
0.0004 0.0003 

0.142? 
0.00154 0.012658 

7.26 
4.616 

6.09 
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SIIALER RISLONE 

MERANICAL DATA 

Hot Tested Cold. Tested 

Horsepower 1.536 1.718 
1.546 1.716 
1.504 1.725 
1.527 1.740 

Brake Specific 1.145 1.075 
Fuel Consumption 1.16 1.094 

lb/blip-hr 1.085 1.182 
1.123 1.117 

Fuel Consumption 1.759 1.911 
lb/hr 1.756 1.877 

1.632 2.039 
1.715 1.942 

Speed. 1790 1805 
rpm 1800 1806 

1738 1824 
1776 1811 

Air Fuel Ratio 16.6 13.8 
Lixture Master 13.5 13.9 

13.9 13.8 
13.7 16.8 

Orsat 13.7 13.8 
L.3 13.7 
14.0 13.8 
ló.7 13.8 

Spark Advance 29 29 

BTC 29 29 
29 29 
29 29 

Barometric Pressure 29.25 29.89 
in. Hg 29.26 29.81 

29.4 29.71 
29.31 29.80 
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SHALER RISLONE 

ICHNICL DATA (CoN'T) 

Hot Tested Cold Tested 

Volts 85.1 94.7 
88.0 92.? 
ç_ z L)U.t) 

87.4 9.5 

Amps 13.2 14.0 
12.8 l.8 

L.8 
12.9 1.9 

Oil Temperature 
21b.8 106.3 
2l.5 107.7 
¿12.8 lob.2 
213.4 106.4 

Fuel Temperature 
F 55.7 78.8 

82.5 7b.7 
82.1 76.5 
83.4 

Air Temperature 75.5 71.2 
75.7 '71.7 

77.9 71.3 
77.3 71.4 

Jac1et Temperature 210.9 
'F 210.9 

211.2 
211.0 

Cooling Water In 103.5 
Teiaperature 'F 104.8 

103.5 
103.9 

Cooling Water Out 122.4 
Temperature 'F 125.1 

123.7 
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SHALER RISLONE 

OIL .ATA 

Pre- Hot Cold 
Test Tested Tested 

Gravity deg A.P.I. 2o.6 26.b 29.3 
60/60 °F 

Viscosity SSU 313.6 320.8 165.4 
at loo °F 

Viscosity SSU 5.1 54.0 45.5 
at 210 

Viscosity Index 96 100.2 

Viscosity Gravity 0.837 0.836 0.842 
Cons t ant 

Flash F 425 405 235 

Fire °F 445 460 305 

Water and sediment None 0.20 0.9 
Percent 

Neutralization Number 0.274 0.54 0.86 
mg KOH/gm oil 

Precipitation Number 0.025 0.025 
mi/iO ini oil 

Corrosion, Copper Very None Slight 
Strip at 212 'F Slight 

Color Union -4 -5 3* 
ASIM dii dii 

Cloud Point °F 32 

Pour point 'F -10 
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SIiALLR RISLONE 

BEARING DATA 

Hot Tested Cold Tested 
Con Rod Strip Con Rod. Strip 

Initial Weight a 23.8120 5.3019 23.3939 4.7410 
b 5.540 4.8997 

Run In Weight a 23.8080 5.3016 23.3908 4.7408 
b 5.2536 4.8994 

Final Weight 
Stoddard Solventa 26.8042 5.2934 23.3874 4.7390 

b 5.2451 4.8971 

Benzol and a 23.8031 2.857 
Chloroform b 5.2440 4.8968 

Weight Loss a 0.0040 0.0003 0.0031 0.0002 
InItial b 0.0004 0.0003 

Test Run (SS) a 0.0038 0.0082 0.0034 0.0018 
b 0.0085 0.0023 

Test Run (BC) a 0.0049 0.0051 
b 0.0096 0.0026 

Total a 0.0089 0.0085 0.0082 0.0020 
0.0100 0.009 

Difference a 0.0011 0.0017 
(SS-Ba) b 0.0011 0.0003 

Total Running ma 0.1252 0.1388 
Test Oil b 0.18824 0.06753 
mb/hr X 10 

Oxidized Deposis a 4.619 7.267 
percent x 10 b 20.9 6.13 

All weigrits in grams 



V'YNN FRICTION PROOFING OIL 

MECHANICAL DATA 

Hot Tested. Cold Tested. 

Horsepower 1.490 1.676 
1.504 1.701 
1.530 1.791 
1.507 1.722 

Brake Specific 1.173 1.076 
Fuel Consumption 1.169 1.093 

lb/blip-hr 1.169 1.083 
1.1'70 1.084 

Fuel Consumption 1.78 1.803 
lb/hr 1.748 1.859 

1.789 1.940 
1.764 1.867 

Speed. 1778 1787 
rpm 1759 1797 

1777 1837 
1771 1803 

Air Fuel Ratio 13.2 13.9 
Mixture Master 13.3 13.7 

13.4 13.8 
13.3 13.8 

Orsat 13.1 13.8 
13.1 13.8 
l3. 13.8 
13.2 L3.8 

Spark Advance 30 28 
BTC 30 28 

30 28 
30 28 

Barometric Pressure 29.50 29.59 
in. Hg 29.60 29.72 

29.56 29.78 
29.Sb 29.70 



V'YN FRICTION PROOFING OIL 

IECHANICAL DATA (coN'T) 

Volt s 

ALp s 

Oil Temperature 

Fuel Teiaperature 
'F 

Air Temperature 
'F 

Jaoket Temperature 
'F 

Cooling Water In 
Temperature 'F 

ooj.in Water Out 
Temperature 'F 

Hot Tested 

8515 
Ó 

87.1 

13.0 
13.0 
13.1 
13.0 

213.2 
215.2 
214.8 
¿14 4 

75.7 
77.0 
7917 

77.5 

71.2 

74.8 

211 o 
211.5 
211.4 
Zu 4 

87 

Colt Tested 

91.9 

94.7 
93.0 

13.6 
13.7 
3A.1 
13.8 

107.0 
107.3 
lOb.2 
10.8 

87.0 
81 2 
84 4 

'78.0 

84 6 

73 1 
78.5 

104 1 
101.6 
106.6 
104.1 

123.2 
120.7 
124.9 
122.9 



VTYNN FRICTIoN ±'R00Iì OIL 

OIL DATA 

Pre- 
Tes t 

Gravity d.eg A.P.I. 28.1 
oo/eo F 

Viscosity SSU 331.9 
at 100 F 

Viscosity SSU 56.8 
at 210 F 

Viscosity Index 94 

Viscosity Gravity 0.825 
Constant 

Flash F 

Fire F 440 

Water and Sed.iment None 
±ercent 

Neutralization Number 0.136 
mg KOH/gm Oil 

Precipitation Number 
ml/jO Ini Oil 

Corrosion, Copper None 
Strip at 212 F 

Coior Union 4 
ASTh 

Cloud Point F 32 

Pour Point F O 

Hot 
Tested 

27.8 

Cold 
Tested 

29.1 

399.4 162.8 

64.1 46.3 

122.5 122.2 

0.823 0.830 

445 205 

505 225 

0.20 0.7 

O.65 O.7 

0 0.15 

Slight Slight 

4 +8 
Too high 



WYNN FRICTION PROOFING OIL 

BEMtING DATA 

Hot Tested. Cold Tested. 
Con Rod Strip Con Rod. Strip 

Initial Veig1it a 2.65 4.7924 23.6775 4.6284 
b 5.1059 5.99O 

Run In Weigrit a 2i.ô292 4.7921 23.6765 4.6286 
t) 5.1056 5.3990 

Final weigíit a 23.ô224 4.7923 23.6696 4.62?? 
Stodciard Solvent t 5.1056 5.3982 

Benzol and a 23.6204 23.6686 
Chloroform b 5.1053 5.3980 

Weight Loss a 0.0103 0.0003 0.0010 -0.0002 
Initiai. b 0.0003 0.0000 

Test Run (SS) a 0.0068 -0.0002 0.uOöB 0.0009 
b -0.0000 0.0008 

Test Run (BC) a 0.0088 0.0079 
b 0.0003 0.uOlO 

Total a 0.0191 0.0001 0.0059 0.0007 
b 0.0006 0.OulO 

Difference a 0.0020 0.0010 
(SS-BO) b 0.0003 0.0002 

Total Running in a 0.2411 0.2150 
Test Oil b 0.00802 0.02564 
mg/hr X 10 

Oxidized Deposits, a 8.460 4.223 
percent X 10 b 5.86 3.71 

All weights in grants 



V(YNOIL 

ME OENI CAL DATA 

Hot Tested. Cola. Tested 

Iorsepower 1.453 1.688 
1.465 1.735 
.L.b12 1.746 
1.480 1.722 

Brake Specific 1.174 1.069 
Fuel Corisuìption 1.180 1.020 

1L/b±lp=hr 1.173 1.021 
1.176 1.037 

Fuel Consumption 1.718 1.804 
ib/nr 1.729 1.770 

1.773 1.782 
1.740 1.765 

Speed 1'/76 

rpm i'777 107 
±774 1625 
1775 1805 

Air Fuel Ratio 13.5 13.6 
Mixture Master 13.5 13.8 

1.4 13.8 
13.5 L.7 

Orsat 13.4 16.8 
13.2 13.9 
13.3 14.0 
13.ó 16.9 

Spark Advance 29 26 

°BTC 29 28 
29 28 
29 28 

Barometric fressure 
in. 11g 29.70 29.?b 

2i.48 29.70 
29.38 29.59 
29.b 29.68 



YNOIL 

IVIANIOAL DATA 'T) 

Volt s 

Amp s 

Oi.L Terúperature 

Fusi Temperature 

Air Temperature 

a cet Temperature 
OF 

Cooling Water In 
Temperature °F 

Cooling Water Out 
Temperature °F 

Hot Tested 

85.9 
84 7 

bb.l 
85 5 

12.7 
12.9 
13 1 
12.9 

213.3 
213.4 
214.9 
213.8 

81 b 

79.5 
77.2 
k/ 
y 4 

1 4 
81.0 
79.1 
80 5 

211 6 
211.3 
211 1 
211 3 

Cold Tested 

91.9 
93.1 
93.7 
92 9 

13.7 
13.9 
13.9 
13.8 

107.3 
108 1 
107.7 
107.7 

r799 

74.0 
75.2 
76.4 

72.5 
70.4 
t9.2 
70 ? 

105.8 
106.4 
106.7 
106.3 

125.8 
127.0 
126.7 
126 5 



92 

VIYNOIL 

OIL DATA 

Pre- Hot Cold. 
Test Tested. Tested. 

Gravity deg A.P.I. 28.i 27.8 29.1 
60/60 'F 

Viscosity SSIJ 178.2 249.6 158.1 
at 100 F 

Viscosity SSTJ 46.5 51.5 45.4 
at 210 'F 

Viscosity Inctex 118.0 115.5 125.8 

Viscosity Gravity 0.836 0.832 0.831 
Constant 

Flash 'F 300 240 210 

Fire 'F 335 385 240 

Water and. Sediment None 0.40 1.2 
Percent 

Neutralization Number U.0351 0.103 0.41 
ing KOH/gra oil 

Precipitation Number 0.05 0.05 
ml/lo ml oil 

Corrosion, Copper Very None None 
Strip at 212 'F Slight 

Color Union -4'- 5 +8 Too dark 
3rflj .i1 dii 

Cloud. Point 'F 38 

Pour Point 'F -10 
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VYN OIL 

B.ßARING DATA 

Hot Tested CoLi Testeci 
Con Rod. Strip Con Rod. Strip 

Initiai Weign.t a 23.7994 4.2085 2.ö4b8 4.6652 
b 4.4877 4.924 

Run In Weight a 2í.?4L9 4.2083 23.6320 4.6650 
b 4.4874 4.9232 

Final Weight a 25.7U42 4.20e5 23.620? 4.6646 
Stod.ctarct Solvent b 4.4875 4.9229 

Benzol arci a 23.7014 23.61E36 
Chlöroforni b 4.48'73 4.9225 

Weigìt Loss a 0.Obbb U.0002 0.013&3 0.0002 
Initial b 0.0003 0,0002 

Test Run (SS) a 0.06? -0.0002 0.0113 0.0004 
b -0.0001 0.000e 

Test Run (BC) a 0.0395 0.0134 
b 0.0001 0.0007 

Total a 0.080 0.0000 0.0272 0.0006 
b 0.0004 0.0009 

DiÍterence a 0.0028 0.0021 
(ss-Bc) b 0.0002 0.0004 

Total Running in a 1.0821 0.3654 
Test Oil b 0.00263 0.016867 
mg/hr X 10 

Oxiaizeu DeDosits a11.765 8.881 
Percent X 10 b 4.46 8.12 

All weigiits in grams 
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4i)u 

Li CILANI CAL DATA 

Hot Tested Cold. Tested. 

Horsepower 1.66ä 1.659 
1.64? 1.676 
1.688 1.720 

. 1.668 1.684 

Brake Specific 1.079 1.082 
Fuel Consumption 1.100 1.075 

lb/blip-hr 1.086 1.060 
1.088 1.073 

Fuel Consumption 1.798 1.784 
lb/hr 1.811 1.814 

1.833 1.823 
1.814 1.808 

Speed 1794 1799 
rpm 1790 1810 

1791 1812 
1792 1807 

Air Fuel Ratio 13.5 l.9 
Mixture Master 13.6 13.9 

13.6 14.1 
l.6 14.0 

Orsat 13.5 14.0 
13.6 14.1 

l.8 
13.5 14.0 

Spark Advance 29 29 
29 29 
29 29 
29 29 

Barometric Pressure 30.23 29.60 
in. Hg 30.20 29.74 

30.11 29.75 
30.18 29.70 



Vol t S 

Amp s 

Oil Temperature 
SF 

Fuel Temperature 

Air Teitperature 

Jacket Temperature 

Cooling Water In 
Temperature °F 

Cooling Water Out 
Temperature 'F 

CHANICAL DATA (CON'T) 

Hot Tested 

92.0 
91.0 
91.9 
91.6 

13.5 
13.5 
13.7 
13.6 

214.7 
¿13 6 
C) i.2.6 

213.6 

79. 
80.0 
74 
79.6 

77.9 
77.3 
76.4 
7'7.2 

212.5 
212 4 
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Cold Tested 

92.3 
92.6 
93.6 
92.8 

13.4 
13.5 
13.7 
15.5 

107.6 
109.0 
107.6 
108 i 

81 2 
82 O 
79.6 
80.9 

75.2 
77.0 
71.4 
74.5 

105.0 
i07.8 
105.4 
106.1 

12b.O 
128.1 
126.3 
126.5 



i'4«')I 

OIL DATA 

Pre- 

Te s t 

Gravity deg A.i.I. 28.9 
60/60 °F 

Viscosity SSU 447.8 
at lUO °F 

Viscosity SSU 61.3 
at 210 °F 

Viscosity Index 100 

Viscosity Gravity o.aia 
Constant 

Flash °F 460 

Fire °F 510 

Water and Sediment None 
p e r cent 

Neutralization Number 0.0339 
mg KOH/gni oil 

Precipitation Number 
ial/lO ml oil 

Corrosion, Copper Very 
Strip at 212 F Slight 

Color Union 

Cloud point 35 

Pour point U 

Hot 
Tested 

27.8 

382.8 

5E.8 

lOb.b 

0.825 

365 

500 

0.25 

0.137 

Tra ce 

No n e 

-4 
dii 

Cold. 

Tested 

28 4 

205.9 

48 1 

11o.O 

0.831 

220 

330 

0.6 

0.44 

0.10 

No ne 

6 
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BEARING DATA 

Hot Tested Cold Tested 
Con Rod Strip Con Rod StrIp 

Initiai. Weight a 23.4529 4.3724 23.6680 4.5?75 
b 5.0646 4.9209 

Run In Weight a 23.4468 4.3733 23.6594 4.5772 
b 5.0643 4.920? 

Final Weight a 23.4414 4.3735 23.6561 4.5770 
Stoddard. Solvent b 5.0656 4.9206 

Benzol and a 2.4b3 2b.6559 
Chioroforni b 5.0645 4.9205 

Weight Loss a 0.0061 0.0001 0.00ß6 0.0003 
Initial b 0.0003 0.0002 

Test Run (Ss) a 0.uub4 -0.0002 0.0033 0.0002 
b -0.0003 0.0001 

Test Run (BC) a 0.0085 0.0035 
b -0.0002 0.0001 

Total a 0.014b -0.0001 0.0121 0.0005 
b 0.0001 0.0006 

Difference a 0.003..L 0.0002 
(SS-Ba) b o.00w. 0.00W. 

Total Running in a 0.2222 0.0959 
Test Oil b -0.00370 0.002532 
ing/hr X 10 

Oxidized Deposits a 13.218 0.845 
percent X i0 b 1.96 2.03 

All weights in grains 


