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INTRODUCTION

Motor oils and their characteristics

have become an ever increasingly com
plex problem since the introduction of
the Viscosity Index (VI) improved oils in
the early 1930's and the introduction of
multigraded oils on October 3, 1950a.

Since that time, much work has been
done showing the many advantages of the
multigraded oils. These advantages can be
listed as (/) ease of cold starting; (fi) fuel
economy; (iii) cleanliness of the engine;
O'v) reduced octane requirement; (v) re
duced oil consumption; and (vz) increased
quality of lubrication.

There are some disadvantages, how
ever, the main one being the problem of
shear stability. When a multigraded oil is
subjected to a shear stress, as is found in
an operating engine, the viscosity is de
creased. This decrease is caused by the
degradation or mechanical breakup of
the long polymers commonly known as
VI improvers. A secondary disadvantage
is the temporary viscosity loss found in
multigraded oils, a transitory effect, for
when the shear rate is lowered the vis

cosity increases to a higher valuea. This
temporary loss is brought about by the
"lining up" of the polymer molecules in
the direction of the shear, hence lessening
their effect on viscosity (3).

Past Work on Shear Stability

The problem of viscosity breakdown

a Stucker, J.B. 1962. The case for multi-grade
oils. Paper presented at Governmental-
Industry Technological Meeting, Chicago,
Illinois.
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has been studied to varying degrees by
several people. In 1965, West and Selby°
carried out a series of runs in two 1962
six-cylinder Ford engines. The engines
were run at different speeds, with and
without loads, for 7.5 h, during which
time a 2-oz (57.3 ml) sample of oil was
removed at suitable intervals. Viscosities

of these oils were then measured at 0°F
(-17.78°C) using a forced-ball viscometer
and at 210°F (98.88°C) using Cannon-
Fenske glass viscometer tubes. For the
Society of Automotive Engineers (SAE)
10W-30 oils used, a lessening in viscosity
at 210°F (98.88 C) ranging from 8.0 to
20.4%' was noted, whereas at 0°F
(-17.78°C) the loss ranged from 0.7 to
20.8%. In the SAE 5W-30 oil studied
there was a 19.3% loss in viscosity at
210oF(98.88°C),butat0°F(-17.78oC)a
2.6% increase in viscosity was observed.
The effect of load on these viscosity
changes was found to be negligible,
whereas the effect of speed was of utmost
importance. The faster the engine was
run, the greater was the viscosity loss. In
a single extended 42-h run, the viscosity
was still decreasing but at a much smaller
rate with the greatest amount of loss
occurring during the first 7.5 h.

Vick and Goodsonc carried on with
similar work and stated that viscosity of
used engine oil is a function of the
quantities of fuel dilution, of soil-soluble
products of oxidation, and of insoluble
suspended material plus the breakdown
of any polymers present. All of these are
affected by the conditions under which
the oil is used: that is, the engine's size,

b West, J.P. and T.W. Selby. 1965. The effect
of engine operation on the viscometric
properties of multigraded engine oils. SAE
Sectional Paper No. 650445.

c Vick, G.K. and R.M. Goodson. 1964. Vis
cosity loss in polymer-thickened oils during
use. ASTM Special Technical Publication
No. 382 from a paper presented at Symposi
um on The effects of polymer degradation
on flow properties of fluids and lubricants,
Atlantic City, New Jersey.
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make, and design; the operation regarding
speed, temperature, and loading; and
length and type of service. Thus, due to
the many variables involved, absolute
prediction of the viscosity was impos
sible.

In 1966, Domier (2) tested a series of
five oils in a 1953 Chevrolet engine, run at
2,000 rpm with a 40 brake horsepower
(bhp) load. The author found that for
two SAE 5W-30 oils, an average viscosity
loss of 20% at 210°F (98.88°C) was
recorded at the end of only 3 h of
operation with a permanent viscosity loss
of approximately 28% occurring after 16
h. Thus an SAE 5W-30 oil became an

SAE 5W-20 oil after only several hundred
miles of driving. Fuel dilution for the
tests was ruled out as a possible factor
causing decreasing viscosity as it was less
than 2%.

In 1966, Preuss et alA conducted a
road test with 4-oz (115 ml) samples being
taken at 1,000 and 2,000 miles (1,609
and 3,218 km) of driving. Several makes
and sizes of engines were used and al
though all produced a viscosity loss,
repeatability between various engines was
poor, thus agreeing with Vick and Good-
son0 as to the impossibility of pre
dicting viscosity end values. The authors
also noted that for a typical oil approxi
mately 3,000 miles (4,827 km) of driving
were required for the oil to shear from an
SAE 30 to an SAE 20.

In 1968, Murphy and Bennette studied
the problem using locally driven cars.
Seven commercially available oils were
used ranging from SAE 5W-20 to SAE 30.
All of the oils showed early reductions in
viscosity with use, with most of the

d Preuss, A.F., R.L. Stamburgh, and H.H.
Radtke. 1968. The viscosity stability of
multigraded crankcase oils. SAE Sectional
Paper No. 680070.

e Murphy, D.K. and P.A. Bennett. 1968. VI
improvers and engine performance. SAE
Sectional Paper No. 680071.
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change occurring during the first 400
miles (643.6 km) of operation, with the
SAE 5W-30 and SAE 10W-30 oils show
ing viscosities in the SAE 20 classification
after only 100 to 200 miles (160.9 to
321.8 km) of service. In addition, the
authors noted that the magnitude of the
viscosity loss for the multigraded oils
depended on the new oil viscosity, the
higher the viscosity, the greater the loss.

The shear stability or viscosity change
of multigraded oil used in the colder-
wintered areas of Canada are not avail
able. Therefore a comparison of various
makes and grades of crankcase oils before
and after use was undertaken to deter
mine the effects of speed, load, and
engine running time on shear stability and
viscosity change.

EXPERIMENTAL PROCEDURE

Engines

Two engines were used for the series
of runs. The first engine employed was a
1949 L-head Ford V8, hereafter referred
to as L-head Ford. This was the 8BA

model, having a displacement of 239.4
inches (3,922.81 cm3) and a compres
sion ratio of 6.80:1. The specifications
list the engine as developing 100 bhp at
3,600 rpm and 180 lb-ft (244.08 New
ton-metres (N-m)) of torque at 2,000
rpm. The second engine used was a
292-inch3 (4,784.71 cm3)Ford V8, here
after referred to as 292 Ford. The exact

year of the engine was not known, but
production of these engines began in
1955 and ended in 1962. During this
period of manufacture the engines had
between 8.1:1 and 8.8:1 compression
ratio. The specifications of the engine
also varied, with the bhp values ranging
from 193 at 4,400 rpm to 170 at 4,200
rpm, and the torque values varied from
280 lb-ft (379.68 N-m) at 2,600 rpm to
279 lb-ft (378.32 N-m) at 2,200 rpm. The
292 Ford was completely rebuilt and had
not been run prior to this study, whereas
the L-head Ford had been run, the length
of time not exactly known, but in the
neighborhood of 20,000 miles (32,180
km).

The oil filter in the L-head Ford was

bypassed using a piece of copper tubing.
The filter of the 292 Ford could not

easily be bypassed, thus the engine was
operated with the filter in place, but
minus the cartridge. This was done to
minimize oil sample size as well as reduce
cost, as a change in filter would have been
required after each run to reduce con
tamination.

16

Materials

Three makes of oils were used along
with five different grades. The three
makes are identified by X, Y, and Z, and
the five grades were 30, 5W-20, 5W-30,
10W-30, and 10W-40. Table I lists the
properties of the new oils.

Making a Run

Because load as well as speed effects
were to be considered, the question arose
as to what values would be suitable.
Three speeds, 30 (48.27), 45 (52.41), and
60 mph (96.54 km/h), were decided
upon, corresponding to 1,500, 2,250, and
3,000 rpm. The question of loadings for
the engines was solved using the curve
given by Stonex (4), in which the horse
power required to overcome both wind
and rolling resistance is plotted against
road speed.

Prior to each run, the engine was
flushed for 15 min to eliminate possible
contamination from previous tests. The
flushing fluid was the oil type and grade
to be used in the next test. At the

beginning of each run the engine was
started, with the throttle and dynamom
eter loading having been set previously.
The speed was always less than that
required for the run, but as the engine
warmed up, a period of 5-7 min, the
speed increased to the preset value.

Throughout the run, at various time
intervals, 80-ml samples of the crankcase
oil were taken and the speed of the
engine was checked using a strobotac. At
the end of each run, the temperatures of
the outlet water and oil in the pan were
recorded.

As the trials progressed it was found
that a run of 16 h was sufficient to give
fairly good results and also fitted well
into two 8-h working shifts. The samples
were gradually "taken less and less fre
quently, until by the 12th run, only nine
samples were taken, these being at .5, 2,
4, 6, 8, 10, 12, 14, and 16 h. Also
interspersed among these so-called "maxi
mum sampling" runs were seven "mini
mum sampling" runs during which sam
ples were taken at 4, 10, and 16 h. These
were done to see if the results of the

removal of large quantities of oil (13 X
60 ml = 780 ml) would affect the
viscosity change characteristics.

ANALYSIS OF SAMPLES

Viscosity measurements were made at
210°F (98.88°C) and 100°F (37.77°C)
with Cannon-Fenske viscometers. The

"cold cranking simulator" was used for
viscosity measurement at 0°F (-17.78°C)
(4). Additional tests included fuel dilu
tion, water contamination, oxidation
products, and insolubles. Analysis of
gasoline samples and a number of oil
viscosity measurements were carried out
by the Research Council of Alberta
Gasoline and Oil Laboratory.

RESULTS AND DISCUSSION

Effects of Loading and Sampling

A comparison between an unloaded
and a loaded run (Figure 1) shows the
latter to have a lower viscosity through
out the entire length of the run. This is
possibly caused by more stress being
placed on the motor, which caused higher
shear stresses to be placed on the oils,
which in turn resulted in greater polymer
degradation. The increase in stress may
have been brought about by a reduction
in clearances in which the high rates of
shear were produced, with these reduc
tions being attributed to two factors: (1)
higher operating temperatures attained
when a load was applied causing slight
expansions; or (2) slight eccentricities in
the bearings being increased by the motor
having to work against a load.

If the effects of sampling technique
are considered at 0°F (-17.78°C), 100 F
(37.77°C), and 210°F (98.88°C) the
curves for minimum and maximum sam
pling for the same load and speed setting
intertwine and in several instances lie
directly upon each other. This contradict
ed the work of West and Selbyb, who
found the maximum sampling runs to
have a lower viscosity. Thus the authors
ruled out the assumption that because of
high oil removal, the remaining oil would
be circulated more frequently and there
fore be sheared more often, producing
greater viscosity loss than would be found
in service conditions where no oil was
removed.

• MAXIMUM SAMPLING RUN,UNLOADED
• MAXIMUM SAMPLING RUN, LOADED
-MINIMUM SAMPLING RUN,UNLOADED
-MINIMUM SAMPLING RUN, LOADED

0 2 4 6 8 10 12 14 16

RUNNING TIME-HOURS

Figure 1. The effects of load and sampling on
viscosity (210°F) (98.88°C) at 3,000
rpm.
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Oil§

X 5W-20
Y 5W-20

Z 5W-20

X5W-30

Y5W-30
Z 5W-30

X 10W-30

Y 10W-30

Z 10W-30
Y 10W-30
X30

API

gravity
at 60°F

_14.44°C)

29.48

29.58
28.33

29.63

29.77
28.03

27.81

28.44

28.43
28.83
26.82

Poise

0°F(-17.78°C)

6.50

8.80

8.00

9.10

9.40

10.00
25.30
18.80

23.30
19.00

_t

TABLE I NEW OIL PROPERTIES

Viscosity at

100°F (377.77°C) 210°F (98.88°C)
cs cs

36.93

42.13

36.94

57.72

55.30

57:33

69.01
64.89

69.70
97.39

123.28

7.43

9.21

7.36

11.59

12.48

11.60

11.06
12.33

11.89
16.43

12.07

Pour point

o o

F(C)

-35 (-37.22)
-25 (-31.66)
-40 (-40)
-35 (-37.22)
-20 (-28.89)
-35 (-37.22)
-30 (-34.44)
-25 (-31.66)
-25 (-31.66)
-20 (-28.89)
-5 (-20.55)

Flash point

o o

F(C)

380(193.31)
420(215.53)
375(190.54)
375 (190.54)
395 (201.65)
355(179.43)
385(196.09)
415 (212.76)
435 (223.87)
400 (204.42)
470(243.31)

Vie

189.62

223.05

182.58

212.99

244.12

214.80

163.29

203.60

179.33

193.40

94.85*

t Not measurable by Cold Cranking Simulator.
* Viscosity Index not Viscosity Index Extension.
§ All were purchased at local service stations except X5W-30 and X 10W-30, which were obtained inbulk lots.

2 4 6 8 10 12 14 16
RUNNING TIME -HOURS

0 2 4 6 8 10 12 14 16
RUNNING TIME -HOURS

Figure 2. The effects of speed on viscosity (0
and 210°F) (-17.78 and 98.88°C)
for oil Y 5W-30.

Y 5W-30

3000 rpm
1500 rpm

O L-head Ford
D292 Ford

0 2 4 6 8 10 12 14 16
RUNNING TIME -HOURS

Z 5W-30

3000 rpm • 292 Ford
1500 rpm •

. o L-head Ford -<r

0 2 4 6 8 10 12 14 16
RUNNING TIME-HOURS

Figure 3. The effects of speed on viscosity (0
and 210°F) (-17.78 and 98.88°C)
for oil Z 5W-30.

Effects of Speed

The effects of speed are appreciable
(Figures 2 and 3). In many instances the

final viscosities, at 210°F(98.88°C), were
found to be higher at 3,000 rpm than at
1,500 rpm, with a definite upswing occur
ring in many of the curves, showing a
thickening of the oil when run at higher
speeds. In a few instances, no upswing
was found but the viscosity of the oil in
the engine run at 1,500 rpm was decreas
ing more rapidly than that run at 3,000
rpm. Thus, although this was not a
physical upswing of the curve, the same
result was implied, but to a less severe
degree. In the Y 5W-30 and Y 10W-40
oils, run in the 292 Ford, no upswing was
found but both curves were falling at the
same slope after approximately 6 h of
running. This produced two parallel lines
that still represent essentially the same
results. That is, the viscosity drop at
3,000 and 1,500 rpm was equivalent, in
disagreement with previous workb that
showed greater viscosity losses at higher
speeds.

In all instances the end viscosities, at
0°F (-17.78°C), of the high-speed runs
were larger than those at the low speeds.
The 100°F (37.77°C) viscosities, as was
expected, were a transition between 0°F
(-17.78°C) and 210°F (98.88°C), that is,
in all cases except Y 5W-30 and Y
10W-40, although the viscosities were
lower for the high-speed runs, there was
less of a difference between them on a
percentage basis at 100°F(37.77°C) than
at 210°F (98.88°C). Thus they followed
the same general trend found for all the
oils, that is, as temperature of viscosity
measurement decreased, viscosity losses
at 3,000 rpm became less than 1,500
rpm.

From a polymer shearing standpoint,
this cannot be the case simply because of
the pure mathematics of the problem,
that is, the higher the motor speed, the
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greater the shear rates and the greater the
polymer degradation. Thus, there must
have been other factors influencing the
viscosity change to such an extent that
polymer degradation was equalled or ex
ceeded by a viscosity-increasing agent.

Effects of Other Factors

These factors were thought to be lead
deposits from the gasoline used, in
solubles, oxidation products, crankcase
dilution, and volatility of the base oil
used in formulating the multigraded oil.
Upon investigation it was found that only
the volatility of the base oil had an effect
on viscosity that was large enough to
mask the polymer degradation.

For the volatility tests, the oil was
heated to a temperature arbitrarily
chosen as 260 ± 20°F (126.65 ± 6.67°C).
This was thought not to be uncommon to
various zones in an operating engine. To
lessen the severity of the tests, the oil was
neither stirred nor agitated nor was any
air forced over its surface, thus producing
conditions far less extreme than in the
operating motors. The viscosity changes
occurring in these tests are shown in
Figure 4. These tests, along with the flash
point of the new oils (Table I) tended to
substantiate the viscosity changes obtain
ed in the engine tests. That is, oil Y,
which was least affected by the volatility
tests, had the highest flash point and in
turn had the least upswing in the engine
tests.

Other Observations on Viscosity Change

The same trend in upswing was found
throughout the series of runs using the
three makes of oils, that is, the least was
observed with oil Y, the most with oil Z,
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Figure 4. The effects of heating (volatility
studies) on viscosity (0 and 210 F)
(-17.78 and98.88°C) for three SAE
5W-30 oils.
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Figure 5. Viscosity comparison (0 and 210°F)
(-17.78 and 98.88°C) of three SAE
5W-20 oils run at 3,000 rpm.
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Figure 6. Viscosity comparison (0 and 210°F)
(-17.78 and 98.88°C) of three SAE
10W-30 oils run at 3,000 rpm.

regardless of the grade used (Figures 5
and 6). The temperature of viscosity
measurement had a pronounced effect on
this upswing - the lower the tempera
ture, the greater was the effect, regardless
of the grade of oil being considered
(Figures 5 and 6).
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Figure 7. Percentage viscosity comparison
(210°F) (98.88°C) of three SAE
5W-30 oils run at 3,000 rpm.

0 2 4 6 8 10 12 14 Id

RUNNING TIME -HOURS

Figure 8. Percentage viscosity comparison
(0°F) (-17.78°C) of three SAE
5W-30 oils run at 3,000 rpm.

As was found by Preuss et al.d, it was
noted that the greater the initial viscosity
of the multigraded oil, the greater was the
viscosity drop. The reason for this is that
for the same rates of shear, that is speed,
higher viscosity produces a higher shear
stress, and hence a greater polymer break
down.

The engine greatly affected the vis
cosity change, for in all instances the 292
Ford caused a greater viscosity break
down and less of an increase than did the

L-head Ford when the same oil and speed
conditions were maintained. In addition,
results obtained from the same engine
varied despite identical operating vari
ables. This agreed with the findings of
Courtney and Roscoef, for as the mileage
on the engine increased, viscosity break
down decreased. This is due to the

wearing away of edges, which increases
clearances and thus decreases shear rates.

Courtney, R.L. and CS. Roscoe. 1969. A
new generation of multigrade "MS" oils:
laboratory and field performance. SAE Sec
tional Paper 690558.

Changes in SAE Grades

All of the SAE 5W-30 and SAE
10W-30 oils, and the SAE 10W-40 oil had
their viscosities decreased by such an
amount so as to become a grade lower, at
210°F (98.88°C), after running in the
292 Ford at either 1,500 or 3,000 rpm.
In the L-head Ford, the Y 5W-30 oil
sheared below the SAE 30 classification
at both 1,500 and 3,000 rpm, whereas
the X 5W-30 oil only sheared below this
classification for the 1,500- and
2,250-rpm runs. Thus there is a great
variability among engine types and oil
makes in bringing about a decrease in
SAE grade during service. If viscosities at
0°F (-17.78°C) are considered, the re
sults show that X 10W-30 became an SAE
20W-30 after 11 h of running at 3,000
rpm in the L-head Ford. In the Z 5W-30
oil in either engine, the oil viscosity
increased from an SAE 5W to an SAE
10W after 8-11 h of running, depending
on the engine. These two effects show the
disadvantages of multigrade oils, for if
there is a decrease in SAE grade (at
210°F) (98.88°C), adequate lubrication
for the engine during operation is not
provided. On the other hand, an increase
in SAE grade, in fact any increase in
viscosity, at 0°F (-17.78°C), will reduce
starting ability.

Percentage Comparison of Viscosities

The percentage comparisons for SAE
5W-30Qoils at 0°F (-17.78°C) and 210°F
(98.88°C) can be considered representa
tive of all grades tested (Figures 7 and 8).
For the 210°F (98.88°C) temperatures,
the greatest percentages of viscosity loss
were found in oil Y. A comparison in the
amount of increase or decrease in vis

cosity among oil makes can be appreci
ated only in these percentage curves as all
start from a common point (100%), with
the slopes of the curves then indicating
the relative viscosity changes. The SAE
30 oil was included in Figure 7 to allow
comparison between a straight grade and
a multigraded 30 weight.

Viscosity decreases in SAE 5W-30 oils
at 210°F (98.88°C) varied from 10 to
36%, whereas at 0°F (-17.78°C) de
creases ranged from 20% to negative 48%
(increase), depending on the speed of
operation and oil types. For the SAE
5W-20 oils at 210°F (98.88°C), decreases
varied from 7 to 26%, whereas at 0°F
(-17.78°C) they varied from 4% to nega
tive 43% (increase). SAE 10W-30 oils at
210°F (98.88°C) had decreases ranging
from 31 to 20% but at 0°F (-17.78°C)
they ranged from 11 % to negative 2%
(increase).
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The above shows the great variability
among makes for the same grade of oil.

CONCLUSIONS

Conclusions drawn from this research

work concerning viscosity changes occur
ring in multigraded oils during service
were:

1. The study of motor oils in service is a
very complex subject with many fac
tors influencing the viscosities as meas
ured, these being fuel dilution, oxida
tion products, insolubles, base oil
volatility, and polymer degradation.

2. Base oil volatility was the most impor
tant factor tending to mask the poly
mer degradation or viscosity loss of
the oils studied.

3. As the flash point of a particular
grade of oil increased, the effect of
base oil volatility decreased, that is,
the highest flash point was associated
with the oil that had the least amount

of viscosity increase.

4. The effect of base oil volatility on
viscosity measurement increased as
the measurement temperature de
creased.

5. The higher the initial viscosity of the
oil, the greater was the viscosity de
crease on a numerical as well as a

percentage basis.

6. The effects of engine load on viscosity
change were small, and could be
safely neglected.

7. The effects of speed on viscosity
change, whether increase or decrease,
were great. This was caused by one or
both of two factors: (/) greater me
chanical speed, hence a greater shear
stress produced and a greater "splash
ing" effect of the oil causing greater
evaporation of the light ends of the
base oil; and (k) higher operating

temperatures producing greater evap
oration.

8. Removal of samples during a run,
thereby decreasing the amount of oil
in the engine, had no appreciable
effects on the viscosity change curve.

9. Different engines brought about dif
ferent viscosity changes for the same
oil when run at the same speed.

10. As total engine operating time in
creased, there was a decreasing tend
ency to shear the oil, resulting in less
viscosity loss.

11. Different makes of the same grade of
oil varied greatly in their viscosity-
change curves, some increasing an
SAE grade 0°F (-17.78°C), others
decreasing an SAE grade at 210°F
(98.88°C).

12. Each individual oil company seemed
to have a characteristic curve associat

ed with its product. That is, either an
increase at 0°F (-17.78°C) or a de
crease at 210°F (98.88°C) occurred
after running, regardless of the grade.
This was probably due to the differ
ent base oil stocks used by each
company.

13. Machines used to predict the shear
stability of motor oils give only one
aspect of the viscosity changes (poly
mer degradation) brought about in an
operating engine but do not at present
simulate any of the other factors that
can cause viscosity changes.

SUMMARY

Three makes of crankcase oils in Soci

ety of Automotive Engineers (SAE)
grades 30, 5W-20, 5W-30, 10W-30, and
10W-40 were evaluated for shear stability
and viscosity change in two test engines.
Test runs were of 16 hours duration with
oil samples taken at prescribed intervals.
Viscosity measurements were made at 0
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degrees Fahrenheit (-17.78 degrees Cel
sius) with a Cannon Cold Cranking Simu
lator Model CCS1 and 210 degrees Fahr
enheit (98.88 degrees Celsius) with Can-
non-Fenske Viscometers. Base oil volatil
ity was the most important factor tend
ing to mask polymer degradation or
viscosity loss. The higher the initial vis
cosity of the oil, the greater the viscosity
loss. The effects of load on viscosity were
small, whereas the effects of speed were
quite marked. Engine design and condi
tion had an appreciable effect on viscosi
ty changes. Different makes of the same
grade of oil varied greatly in their viscosi
ty-change curves, some increasing an SAE
grade at 0 degrees Fahrenheit (-17.88
degrees Celsius)/ others decreasing an
SAE grade at 210 degrees Fahrenheit
(98.88 degrees Celsius). Each individual
oil company had a characteristic curve
associated with its product.
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