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Lubrication Performance of Multi-Level Gear Oil in a
Gasoline Engine

Feng-Tsai Weng, Dong- Syuan Cai, Tsochu-Lin

Abstrace—A vehicle gasoline engine convert: msoline into
power so fhat the car can move, and Iubricants are imporiani for
engines and also zear bowes. Mamifacturers have produced mumibers of
engine oils, and gear oils for engines and pear boxes to SAE
International Smndards. Some products not only can improve the
Iubrication of both the engine and gear box but also can mise power of
vehicle this can be easily seen in the advertisement declared by the
manufacturers. To observe fhe Iubrication performance. a
multi-leveled (heavy dury) gear oil was added to a gasoline engine as
the ol in the vehicle. The oi was checked at about every 10,000
kilometers. The engine was detailed disassembled. claned, and parts
were maasured. The wear of components of the engine parts were
checked and recorded finally. Based on the experiment results, some
gear ol seems possible to be used as engine il m particular vehicles.
Vehicle owners should change oil periodically in about every 6,000
miles (or 10,000 kumem) L;m car awmers may change engine oil
i even longer distany

Eeywords—Malti-level gear oil, enzine oil, viscosity, abrasion.

I INTRODUCTION

HE Society of Auwomotive Engineers (SAE) has

established 2 aumerical code system for grading motor oils
[1]. and also gear oil according to their viscosity characteristics
[2]. Fig. 1 revealed viscosity characteristics comparisons of
both motor oils and gear ol [3]. To determine the appropriate
o0il change interval, 0 oil condition sensor has developed that
measures the electrical properties of engzine oil, and correlates
these electrical properties to the physical and chenucal
properties of oil [4].

Automobile engines can be classified in many several
different ways such as: (i) Stokes per cycle, modem engines
have four strokes per cycle: intake, compression, power, and
exhaust (i) Types of fuel wsed gasoline engine or diesel
engme. (Hi) Number of cylinders. (iv) Amangement of
cylinders. (v) Firing order. (vi) Arrangement of valves. Gear
oils have great thermal stability which is adaptsble to various
temperatures and they also protect gearboxes and steenng gears
for heavy duty operation. Engine oil could be mixed inio
zdditives to improve the properties or to lower cost Owing to
the use of spent oil or recycled refined oil, environmental
pollution can be dacreased [5], [6].

r-ms -Tiai Weag i with the Instinte of Vebicls Engineesing Departmant,
ormosa University, Tarwam 632 (phome: 586-3-6313395, fax:
886—5-631301' e-omil: frwangiimn eda fw)

Doog Syum Cai s msuch sindet, st of Velicle Enginering
Departmint, Maticnal Formesa Univensity, T 531 (phone: 5855
6315692 fax: BB6-5-6313037; wmdeadaQSDS]Gn:hmmm)

Tochrlin & PhD. siden hstte of Plectical md mechmical
Enginsering Formosa Usiversity, Taman. 632  (phoma:
38&5-631539‘2. fax- §86- 3-6313037; o-mail: danvid_EnGailidt

Fig 10 revealed measurement of cylinder block warpage
Measurement of cylinder block bore taper was illustrated in Fig.
11. Measurement method of piston diameter and piston rings
end gap was illustrated in Fig. 12. While the measurement of
crankshaft main journal diameter and clearance was described
in fig 13. Fig. 14 shows measurement of commecting rod
journal and clearance. Measurement of Camshaft height
clearance was illustrated in Fig. 15.

Fig 5 Contaminates and shudge accumsulated on the oil flter

O DISCUSSION AND RECOMMENDATIONS
Piston diameters and piston rings end gaps were smaller
compared to new ones. Deformation of the piston rings did
occur, which may be the result of the engine operating over a
long period at an extremely high temperamre without an oil
change.

Fig 7 Ce and sludze

Some motor owners confise engine oil with gear oil. The
zoal of this research is to imvestigate possibility for gear oil be
used in & motor engine as ol. There may be some possibility
according to the classifications of SAE standards in Fig. 1. The
purpose of this paper is to assass the mileage interval of moter
oil change and to determine if gear cil can be used as an
alternative oil in a motor engine.

Engina sils

o kot abes

Fig. 1 Viscosity chamcteristics of engine oils, and gear oil [3]

I EXPERMENTS AND RESULTS

In this experiment, gear il of the brand Taiwan CPC (grade
B0W/90) was nsed as engine oil. The oil was sampled and
checked every 10,000 kilometers withou replacing it to elicit
reduced engine lubrication. The vehicle used in the experiment
iz a 1997 Honda Accord with 170,000 km of mileage The
experiments were conducted from April 2015 to May 20146, and
involved road driving & distance of about 300 km/day.

After completing 100,000 km of road testing, the engine was
disassembled and all parts were cleaned and checked. The oil
analysis was trusted to a professional lab, SIGNUM. Results of
the gear oil analysis was in Fig. 2. According to the oil analysis,
the quantity of iron was alert, which reveals the wear of engine
components. The level of ironm is extremely hizgh and the
quantity of other elements, such as 5i, Pb, Al a5 well as the oil
wiscosityis high, too. This shows parts were subjected o severe
wear for long distance driving with no oil change. Some engine
parts showed serious evidence of ol engine sludge such as the

around the cylinder and
engine chamber and inner ol guide

Fig. 9 Bush bearnz shows damage on the right hand side after 100,000
km

Some manufacturers recommend an oil change about every
10,000 miles. Vehicle manufacturers suggest that oil should be
changed every 3,000 to 5,000 miles (approximately 5.000 km
to 8,000 km). Vehicle owners should change the oil regularly,
or when it looks black and sticky.

A used car can run 100,000 kilometers without an oil change,
‘because engine technology relisbility is in progress. The new
car and high performance vehicle owner would not change oil
over time, although gear oil is cheaper and can be used in a
motor engine as engine oil.

lead ring of oil filter, oil pan and oil Hlter, piston rod, rocker
chamber, and so on Oil sludge is caused by reduced oil
Iubricating ability and affects the efficient operation of am
engine. Fiz 3 shows the disassembled engine parts afier
completion of the experiments. All pars were reassembled
after undersoing a thorouzh cleaning and the engine was then
checked in sccordance with the Honda Accord Sarvice Manual
[7]. Cylinder block warpage was checked using a feeler gauge,
and results are shown i Tsble I [7]. Cylinder block warpage
was within the normal range when compared with the standard
value range. Cylinder block bore taper was checked using
cylinder bore gauge, e results of the messwrement were
recorded in Table I [7]. The results show that the cylinder
block bore taper value for A and B was higher than the standard
value indicating wear. Piston diameter was examined, and the
piston rings end gap was checked using a feeler zmuge, the
results were recorded in Table III [7]. The third ring was not
measured becsusa it had alresdy seized Diston diameters ware
slightly smaller than new ones, while fhe piston rings end gap
were smaller, too. The second ring end gap was much smaller,
and this may be owing to the deformation of the piston rings
which opersted in extremely high engine temperamies for s
extended period of time. The crankshaft main jowrnal diameter
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was checked and the data recorded in Table IV [7]. The
crankshaft main journzl diameter value was normsl. The
connecting rod journal bore tper was recorded in Table V [7],
and was also in the normal renge. The camshaft lobe height was
recorded in Table VI [7]. Fig. 4 illustrates the contaminates and
sludge accumulated in the oil pump. Fig 5 shows the
contaminstes and shidge accummilated on the oil screen. Fig. 6
teveals the contaminates and sludge accumulated around the oil
sump. Fig. 7 shows the contaminates and shidge accumulated
zround the cylinder and engine chamber and the inmer oil guide.
Fig § dlustrates the dissembled pistons and coanecting rods.
Fig. 0 reveals damage to the bush bearing on the right hand side.
Most engime parts were considered wom or damaged beyond
Tepair such as the oil filter, third piston ring. and bush bearing.
The sludge produced in the engine hindered the How of the oil
feed lubrication system. Sludge clogged the sump oil swainer,
which resulted in insufficient ibrication leading to a build-up
of shidge and carbon in the pistons. High oil fempersture alo
caused the piston rings to lose elasticity and seize. Carbon
accunmlation and oxidation deposition could happen in the
engine combustion chamber Long-term accummlation of
slndge brought out oil deterioration, which resulted in vicious
oil, lowes liquidity, and insufficient cooling.
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Fig 2 Results of gear oil analysis

Chack the top of the block for warpage.
Messure siong the edges and scross the center 35
shown,

Engine Biock Warpage:
Standard
Service Limit:  0.10 m (0.004 in)

(New): below 0.07 mm (0,003 in) max.

PRECISION STRAIGHT EDGE

Fig. 10 Measarement of cylinder block warpage [7]

Measure wear and taper in direction X and ¥ ot
theet levels in each cylindar as shown,

Gmm 020

CYLNOER BORE GAUGE

~3.3472 in)
10 mem (3 3465 - 33468 inl

Service Limit: 85,070 mm (3.3492 inl

Fig. 11 Measurement of cylinder block bore taper [7]

ol

Top Ming
Starders (Newek 0.20 - 0.33 mom

- 0014 1
Service Limit, 0,60 mm 024 k)
Sevord run

¥5 — 20 mm
©8—08in
7z

———

END GAP

Fig. 12 Measurement method of piston diameter and piston rings end gap [7]



Fiz 15 Measurement of Camshaft heizhe clearance [7]

TABLEI
C¥LDIER BLOCK WARFAGE

Cylindar Block Waspage (=) 1 2 3 = 3 6 Secvice limit
U03 00l 003 005 003 605 G0
TABLED
C¥1 nnes: BLock Boks Tarss:
Cylindar block bare tapar (zmm) 1 E 3 4 Sandard
o A B536 _B852F §53% &3 E5.010 §5 020
Bos B 8525 _ B525 8533 _ 832+ 65 000 85010
Taper AB 001 G0l 001 GOz G 0os
ABLE m
ProToii DIAMETER a3 PISToR Ria0s END GAP
piston diacseter (zom) 1 2 3 + Swandard
B2960  B2065 54060 84970 5295054 990
w=d gp Sandard
g cog 0.18 018 5T 55 03035
Secomd ring 0.2 024 034 o0+ 0.4-20.33

A 4889 4958 997

L B
B SET 4T HSTS 488 B0 Jesmall Q000
Tapse 4B 0005 0005 0005 © 01 Joumald  sogpe
8588
Joumals 3000
TABLEV
R ECTING ROD JABNAL CIEARANCE
£ 7od jourmal () 1 2 3 B seandard
a HFET 400 4S5 4499 457645000
B e R T T H]
Tapar 4B 0 0003 0 0003
TABLEVI
CoisetarT HEWHT CLEARANCE
Camundthoight (ma) 1 2 3 4 3 [ 7 § _ Standard
ok 4 3870 3871 387 3672 387 3871 387 38T AL
B 334 340 334 134 3340 3[4 3[4 B8
Exhrust 4 3896 3806 3895 1895 3806 3896 3806 3T%6 3807
B 3404 3405 3404 34035 34035 34035 34035 1404
IV. CONCLUSIONS [ Cock. VR 1098 Laborsny Eimdbock fx Minasl

o i Amiysis. Academmy Prows, Landon. 1
To imvestigate whether multi-level (heavy dury) gearoilBas  [7] Accond Service Manal, (199<-1997). Engine Block. pp7-13-

the same lubricating effect as engine oil, zear oil was added to
the gasoline engine of a Honda Accord. The enmgime oil
performance was checked every 10,000 kilometers in driving
st

The results show that: 1) Multi-level gear oil seems possible
0 be nsed as oil ina gasoline engine. 2) Impurities in the engine
camsed wear on the parts. 3) The viscosity of the oil increased
when the driving test was completed, which indicates that car
owners must conduct periodical oil changes. 4) Eagine oil can
be changed approximately svery 10,000 km in older vehicles. )
Average firel consumption is 11.5km per 100,000 km.
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