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1. Fuel Oil and Lubricating Oil

Selection of and proper altention to fuel and lubricating oils
have a substantial elftect on engine performance, and ara
vital factors govemning angine life.

The use of low quality fus| and ubricaling olls will lzad to
various epgine troubles. Yanmar diesel enginss will display
satisfactory performance and ample reliabiliby il 1he Tusl
and lubricating of recommeanced by Yanmar are used cor
rectly, For the engine o have long-term high pertorme-
ance, sutficient knowledge of the propertles of the fuel and
lubricaling ails and thsir selechion management and usage
5 necessary.

1-1 Fuel

1:1.1 Properties of fuel

Numerous kinds of Tusls am usad with diesel engines, and
tha properties and composition ol esch diffar =omewhat
according to the manutacturer.

Moreover, the various national standards are Introduced
hera for reference purposes.

1-1.2 Recommanded luals

Manulaciurer Brand rame
Cailex Callex Dhesal Oi
Shall Shal Diesoling of loca equivalant
[ [t Mabil Digsal t
= ERs Esso Diesel O/
_ British Pelroleun | BP Diegel Ol .

1-1.3 Fued selection precautions
Pay careful attention to the tollowing when selscting the
fual,
(1) Must have & suitable specific gravity
Fuel having a specific gravity of 088 ~ 0.84 at 15°C |s
suilable ss dissel engine fuel. Specific gravity has no
refation to spontanecus combustibility, but doss give
an idea of viscoalty and combustibility or mixing of im-
purities.
Generally, the higher the specific gravity, the higher
Ihe viscosity and the pooter the combustibility,
Must niave a suilable viscosity
When the viscosity is too high, the Tual low will be
pear, oparalion of the purmp and nozzle will be infenor,
atomization will be laulty and fusl combustion will be
Incomplene,
If the viscosily is oo low, tha plunger, nozzle, atc. will
wear rapldly because of insufficienl lubrication,
Generally, howsvar, the higher the viscosity, the lower
the quality of the fuel,
(3) Cetane valus must bs high
The most Importart indealar of lual's combustibility
i5 its cetans valua (alzo represented by cetane indey ar
diese! index), The calsna vaius is particularhy Im:
partant for fusls used in high-speed engines. The rala-
lionship between the cetanc value, starlabilite and fir
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ing delay s shown in the below figure, Firng delay
becomes smaller and starling characteristios better as
the cetane value bacormes higher.
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The use of a luel wilh an unsuitable calana value will cause
the following troubles:

1) Difficult starting

2} Pooroperation.

3} High combustion pressure and dizsa! knock,

4t Lower output and engine damape because of
averheating causad by Knooking.

5 Sticking of nozzles and exhaust valves

6] Severs: smoking, carborn build-up inside the
engine, and il cantamination.

7] Deterlorlation of the il and excessive wasr in the
piston rings. ring grooves, and cylinder liner,

i) The lavel ef impurilies must ba low

1} Sulfur
With propar combustion sulfur in the fuel tums to
nitrous acid gas{S0;) and sulfunc anhydride [50.)
When combustion 8 imperfect, | becomes
sulfuric acid containing water that corodes and
wears the cylinder hners, pislons, exhaust valve
and exhaust ppe.
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2} Water content
& high waler content causes sludge, resuiting n
lowear cutoul, imperfect combustion and troukls n
the fuel Injectlon system,

3 Carbon conleni
Il the carbon contenlt is high, carbion will remain ine
glde the combustion chamber, causing ac
celeraied cylinder liner and piston wear and corms-
sion of the pistons and exhaust valves.

&) Resicdusl carbon (coke contenl)
Coke becomes a carblde that sticks to the end of
the nozzle; causing faulty Injection, In addition,
urburned carbon will build up on the pistens and
liners, causing pision ring wear and sticking,

1-1.4 Simple mathods of identilying fuel propertias

1) Fusl lhal is sxtremely odorcus and smoky contains a
large amounl of volatile components and impurities

(2] Fusl that emits little smoke when used in a lamp s of
gewzed nuAlity

(3 Fuzl that emils a crackiing sound when sosked in
paperand ignited contalns a high water content.

(4 I a ransparent fitm ol diesel oil is squessad betwaan
two plecas ol glase, the water content and impurites
can be delermined.

i I the fuel contains resin or carbon black particles and

1-1.6 Relationship belween fuel properties and engine perlormance

impuritics will eppear when [uel and sulfuric acid are
mixad in equal parts.

(6 Discoloralion of litmos
prosence of acids.

lasl papar indicates tha

1-1.5 Troubles caused by bad fusl

(1) Clogging of exhaust valve
Inaddilion 1o taulty compressian, incomplata combue-
tion, and high fuel consumption, a clogged exhaust
valva will cause fual to be mixed in the exhaust,
leading to comosion of the exhaust valve seal.

(2} Clegging of piston ring grooves
Clogged peston ring grooves will cause acceleratad
cylinder liner and piston wear duc to sticking rings,
tyal gas olowback, taulty lubrcation, Incomplete com-
bustion, high  fuel  consumption,  conlamimated
lubricating oll, and combustion gas blowback,

13) Clogged or corroded injection valve hole
This will cause incomplels combustion and piston and
limar wear, fuel injection mechanism wear, carrosion,
and glﬂ{l‘-"ﬂ WHAT and corrosian,

) Sediment inside crankcase
Since sediment in the crankcase |s often mistakenly
judged ss caming frorm the lubrcating o, care mus!
be lakern in detemminiog ils troee orgin.
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a diesel engine. The use of unauitable lubricating oil will
cause sticking of the mston rngs, accelerated wear and
selzing of the piston and cylinder liner, rapid waar of tha
bearings and other moving marls, and reduced engine
durahillity. Since 1his engine is a high-speed englne. always
loilow the lubricating ol replacameant intarval.

1-2.1 Action ol the lubricating ofl

i1) Lubrizating action: Builds a film of oil on each moving
parl reduce wear and l1s accampanying damanes,

{2) Cooling action: Remeves heat genarated al moving
parts by carrying it away with the lubricating oil flow.

i%) Sealing action: Maintains the air tightness of the
pistans and cylindars by the ol film on the piston rings,

14) Cleaning aclion: Garries away carbon produced at the
cylinders as well as dust thal has entarad from the oul-
side.

(%) Rusiprooling action: Prevents comosion by coating
metal surtaces with a thin film of ol

Various additives are added to the lubrzating oil to assurs

that adequate performance i5 assured under the high-

spead, high-load and other severe operating conditions
met by modemn digsel engines. While these addilives differ
whr each manufaclurer, commonly usad addilives ine
clude:

(1) Floww point reduction additive

(2] Viscosily index improvement additive

{3 Owidation prevention additive

4! Cleaning disper=ani

(5 Lubrication additive

B Anticorrosion addilive

(71 Bubble eliminalion additive

(B Alkali neutralizer

1-2.3 Classification by viscosity

other words, the lubricaling ol musl coal the melal
surfaces =0 lhal melal-lo-metal contact caused by
brealking of the oil film at the top dead centar and bot:
lom dead center piston poaitaan doss nol ocourn, or
thal the ail film is not broken by collision, even at the
bearings.

() Mixanility with water must be low
Since water can mix. with the oil becsuss af the
presence o©f cooling water in the engine 1he
smuigification of water and cil, which causes the oil to
Iase its lubricating properties, must be prevented,

{5} Must ba neutral and difficult to oxidize
Since acids and alkalis corrode metal. the lubricating
oll must e nauiral. Moreover, since even a nautral oll
will be oxidized easily by contact with the combustion
gas, the oll must be stable wilth few oxidizing
elemanis.

8] Muzl withstand high heat and must evaporate of com-

tust with difficulty

Oil must have a high flash poinl. 1t (it is evaporated Dy

heal or 15 not bumead complataly, carbon will be pro-

dured, This carbon is odie.

Must nol contain any water or dirt and must have alow

suifurand coke contant

(7

—

BAE MO

-17 E°C [6°F)

Say ool uriversa
viscosity13ec)

H
0w
20

Upider &000
5 00 = 12,000
12000 ~ 4R 000

=

o

Dynamic vizoosity
[zst)

OB 20N F)

Apolicable termpesrsiure mAnge

Seyholt univareal
visoosity (sac)

Dynamic viscosity foulsice terr perature)

=)

Inaer B84
1,303 2 808
2606~ 10423

—_ 20° Cror less

40
0

46~ GR
o8 v 7

BTG~ BE2

867~ 1383 A 3570

Ieimied (o dapam
PR

FiERE] ]
] BS 110

1283 3877
16.77 2268

35U o greater


































