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ABSTRACT

This paper describes the resuits of 3
comprehensive field-testing program conducted in
modem low-emission heavy-duly diessl engines to
evaluate the extended oil drain capabilities of several
diesel engine oils of varying performance levels. The
data generated in the S9-truck tdal, which was
conducted over a two {o three year period, provide
support for extension of engine ofl drain intervals when a
premium mineral diesal cil is used rmather than a lighting-
grade mineral diesel product. The field trial results also
document the performance of a premium fully synthetic
enqgine oil at four limes conventional oil drain mtervals.
Engine inspections conducted after 500,000 test miles
confirm that the exension of oil drain intervals with
premium diesel engine oils has no negative impact on
engine durability. In addition to lhe extended oil drain
interval performance, the fully-synthetic SAE SW-40 ails
evaluated were found to provide approximately a 3%
reduction in fuel consumption relative to conventional
SAE  15W-40 mineral oil based products in the
applications tested.

INTRODUCTION

In recent years, it has become increasingly
important lo operators of large fleets operating heavy-
duty diesel engines lo reduce their operating expenses.
One of their objectives is to cut costs from their
businesses by exlending the milzage or time belween
scheduled servicing of the vehicles. By exdending the
service inlervals, pariculardy of engine ail and oil fillers,
they can not only save costs on the purchase and
disposal of oil and filters, they can also reduce lhe
downtime of the vehicle. The potential problem with
exlending oil drain intervals is that all olls may nol be
capable of protecling vital engine components when oil
drains are extended. This is especially true wilh loday’s
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emission controlled engine designs, which lead to more
severe operating environments for the engine od. This
could lead to greatly increased repair expenses if engine
durability andfor refiability were adversely affecled.
Another area of concem for fleet operators is fuel
consumption, as fuel costs are one of the highest
operating expenses incurmed by fleels. Smalt
improvements in fuel consumption can bring significant
savings to a fleet’s overall operating budget.

The objective of the work described in this paper
was lo evajuate the extended oil drain capabilities of
several diesel engine oils of varying performance levels
in aciual field operation in modem low-emission heavy-
duty diesel engines. Extended service ail filters were
also evaluated during the trial,

TEST OILS

Four test ails were used in the evaluations. The
oils were selected to represent a wide range of
performance levels within the requirements of the latest
API heavy-duty diesel engine oil category, CG-4. While
the oils chasen all meet APl CG-4 requirements, they
ranged from a standard oil just meeting the requirements
lo a premium, fully symthetic oil thal far exceeds the
requirements. Details of the four test cils are as follows
{the oils were color coded for the test program):

Blue Oif is the standard reference oil far the
testing. It is a fighting grade mineral diesel engine cil
that does not provide alkalinity reserve beyond the
requirements for standard recommended drains and
service as defined by AP CG-4,

Red Oil is a premium mineral diesel oil which is
designed lo exceed the requirements of APl CG-4. This
is accomplished with a balanced addilive system lo
provide reserve alkalinity and exceptional piston deposi



savera service, lypical of exendead drains.

Silver Oil is a premiumn, fully synthelic diesel oil
designed to far exceed the pedommance requirements of
APl CG=4. This oil is designed o take advantage of the
beneficial propenties of synthetic base fluids combined
with a well balanced additive system lo provide excellent
reserve alkalinty and wear protection under the very
severe operating conditions expected with greally
extended drain intervals, The beneficial properties of
synthetic base fluids and advantages for oils formulated
with such base fluids for heavy-duty diesel engines have
bean described previously [1-4].

White Qil is alse a premium, fully synthelic
diesel oil. White Qil is a modified version of Silver Cil
designed not only to exceed APl CG-4 but also the
newly proposed AP CH-4 category required for engines
designed to meel 1998 U.S. emissions requirements.

T;,Jp:’cai inspection properties of these oils are
included in Table 1, *

TEST ENGIMES/FLEETS

In total, 59 heavy-duty diesel engines were
tested during the tral at four locations in the U.S. and
Canada. Two engine types were used in (he irial, which
represent a range of engine horsepower common for
loday’s over-the-road frucking fleets. Al the engines
were calibrated to meet 1594 U.5. emissions reguiations
and had primary ol recommendations of ARl CG-4. The
engines were installed in over-the-road trucks used in
long haul, moderate to severe service, Under the
cperating conditions experienced during the trial,
maximum  engine builder il drain  interval
recommendations would have been 15,000 miles. Two
fleets using each type of engine were selected for the
trial. The engines used were 14.6L, 435 hp and 10.3L,

Table 1: Test Oil Typical Properties

Blue
SAE Viscosy Grade 15W-40
Kinematic Viscosity @ 100°C (cSt) 15.0
Kinematic Viscosity @ 40°C (cSI) 115

Viscosity Index 135
HTHS Viscosity @ 150°C (cP) 4.0
CCS Viscosity @ -25°C (cP) -

CCS Viscosity @ -15°C (cP) 3000

MRV/Yield Stress @ -35°C (P/Pa)
MRV/Yield Stress @ -25°C (P/Pa} 200/<35

TBN (D2834) 8
Sulfated Ash (Y%Mass) 0.83
Elementals (%Mass)

Calcium 0.05
Magnesium 0.11
Zine 0.12

Phosphorus 0.11

E
The lest fleets were selected based on
number of factors, which included type of servic
mideage accumulaticn rale, and appropriateness
maintenance prograrm. %

FIELD-TEST PROTOCOL

During the tnal, cils were randomly assigned
test unils in each fleet. Based on the number of truc!
available at a fleet, anywhere from two to four of the e
oils were assigned lo the flest {with a minimum of fo
units for each oil lo allow for loss of units due
unforeseen circumslances — acodents, failure 1o kes
records, sale of vehicle, etc). Within each fleal, the uni
were operated on each oil at specified il drain interval
as indicated in Table 2. The tral duration was to be
sufficient lime for the lest unils to accumulate 500 0C
miles of service, Qil filter condition was monilored v
differential pressura monitors, and filter changes wer
made when needed based on pressure monitors ¢
when the unit reached scheduled oil change milead:
Used oil samples were taken every 10,000 miles and :
ol changes which were analyzed lo determing th
condition of the oil, Used il filters were also analyzed
determine the structural integrity of the filter housing an
filter media,

Table 2: Tested Qil Drain Intervals by Fleet

Fleet i 2 3 4
Engine 14.6L 14.6L 10.3L0 10.3
# Unils 18 10 15 16
Qil Orain Targets, Milesx1,000
Blue 25&40 25&40 25 25
Hed 35&50 35&50 35&50 35&5(
Silver 75 & 100 B0 73
i fad

White 75& 100 —

Hed Silver White
15W-40 SW-40 5W-40
15.7 15.0 15.2
117 85 91
142 186 177

4.3 3.9 3.9,

ms 2400 2800
3100 - -
180/<35 175/<35
120/<35 -

12 11 11
1.41 1.2 1.2
0.31 0.23 023
0.03 0.06 0.06
012 0.13 .13
0.11 0.12 012















