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Correlating Lube Oil Filtration
Efficiencies with Engine Wear

ABSTRACT

The level of filtration in anwngine can have a significant
impact on wear rgtes due to abrasive particles. Tests were

conducted io establish a relafionship between the leve! of |

filtration and abrasive engine wear. Although the tests were
nun in a laboratory envirgnment, wear was reduced by as
much as 70% by going from a 40 micron filter to a 15 mic-
ron filter,

Testing was performed on a heavy duty diesel engine
and later with an automotive gascline engine. The results
from both engines were consistent and showed that the
relationship developed can be applied to nearly any intermal
combustion recipricating engine.

INTRODUCTION

The introduction of micro glass fibers info the lube oil
market now offers the capability of acheiving high levels of
fittration without the traditional sacrafice of dirt holding capacity
and increasad flow restriction. This performance has been
used to satisty the needs of the heavy duty off road industry
o extend engine life.

A cooperative effort was formed between AC Spark Plug,
Detroit Diesel Corporation (formerly Detroit Diesel Allison
DO, of General Motors) and CPC Div. of General Motors to
establish a relationship between the level of filtration and
engine wear rates. Dynamometer tests wena run with various
levels of filtration. The results were used to help document
the benefits of high efficiency filtration in reducing abrasive
engine wear.
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Although it is recognized that there are many factors that
contribute o engine wear, this paper deals only with the
characteristics of abrashve contaminates and their effect on
engine wear, By varying the level of filtration, different levels
of sump contamination wera achieved. From this, a relation-
ship was established between filtration efficiency and engine
wear rates.

TEST PROCEDURE

A test program was established between AC and Detroit
Diesel Corporation using a 6V-53T diesel as the test engine,
Later a similar test was run to evaluate the filtration perfor-
mance on a 2.5L L-4 Pontiac engine.

DIESEL ENGINE WEAR — Wear rates were established
by building the engine with fully inspected wear com-
ponents, and again inspecting them after the test. To insure
consistency from test lo test, all parts were from the same
manufacturer and lot number. To achieve maximum wear,
6V-53T engine conditions were established such that engine
speed and torgue were maintained at a steady state con-
diions of 2500 rpm and 500 ft Ibs. respectively. Engine oil
temperature was held at 250°F.

The wear components for the test are shown in table 1.

= Upper Main Bearings
' — Lower Main Bearings
— Upper Rod Bearings
— Lower Rod Bearings
— Qil Rings

— Compression Rings
— Piston Pin Bushings
— Piston Fins

— Cylinder Liners

6V-53T Diesel Engine Wear Components
Tabie 1
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Engine wear was accelerated 1o minimize test time by
adding 50 grams of AC Fine Test Dust io the crankcase in
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levels, Many other engine parameters were monitored 1o
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test.

LEVELS OF FILTRATION

Toestablish a relationship between levels of filtration and
engine wear rates, a variety of different filter types wera
selected. Since much interest has centered around the
benefits of 100% glass filters, their performance was com-
pared with the traditional more open cellulose filters. For the
heavy duty test, four levels of filtration were tested. Table 2
classifies the filters' micron rating and type of media while
figure 1 shows the particle retention curves for each filter
type. Since pleated filters with nonwoven media have effi-
ciencies that vary with particle size, definition of the filter's
perfarmance can be somewhat arbitrary, In this case the
filters were rated at their 98% efficiency point. The single
pass efficiency curves were generated by optically counting
particles both upstream and downstream of the filter. Effi-
ciencies were obtained at various particle sizes with AC Fine
Test Dust used as the challenge contaminant. Figure 2 shows
the particle size distribution of the contaminant based on
quantity. The absolute efficiencies reported can shift some-
what depending on the specific procedure, but the shape of
the curves and their relative performance will remain

unchanged.

Filter Micron Rating Media Compaosition
e @ 98% efficiency
{B-' 15 glass
(D) 3 7 glass
Diesel Filter Types
Table 2

Engine wear was established by comparing the com-
ponents, weights before and after the test run. Changes in
component dimensions such as bearing thickness were
also tracked, but because of their sensitivity to inspection
sel-up conditions, they were not used in the analysis. There-
fore, all analysis was done using percant change in mass
only,

Figure 3 shows the wear of some typical components for
mevariuushveisnfﬂtatimﬂmemtshowngmphﬁmih
experienced very similar trends,
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Figure 1

Sump particle contamination levels were tracked througheut
the tests. Particle counts were measured using an image
analyzing microscope. Sump contamination levels were then
averaged over the life of the test and are shown in figure 4,
Relalive wear rates were also quantified through spectro-
chemical anaiysis of the oil, Frgufesslmmeavemge
sump concentration for selected wear metals. Wear from
both oil pump and cylinder contributed greatly to the iron
contenl Similarly, the tin, lead, and copper were generated
from wear of the plating on the main bearings, rod bearings
and piston pin bushings. From this, metallic concentrations
can be directly cormelated to engine wear. It is important to
note that this analysis is used only to compara relative wear
rates. Used oil analysis from engines in the field will not
typically show such a clear correlation since wear metals
generated between oil changes will be at much lower
concentrations.
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