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N UCTLO
The object of this paper is to review the fundnmentals of fuel
and lubricunt storage nnd hianaling under ngricultursl conditions,
and to deseribe the results obtiined from o procticnl ~ppliention,
Wcll orgnnised maintencnce keeps mechinery in working order and
saves veluable time, The leas time the thrmer spesds on ropairing

his mrchines the more time he will have to ect on with his real job

of growing crops and the greater will be the profitability of his
operations. Towards this end equipment manufacturers argue

that corrcet routine servicing incercascs the life and overall
output of farm mnachincry; oil comprnics point out the considerable
benefits that nececruc from the correct storage and handling of fucls
and lubricnnts,

The opportunity nf determining the anctutl bonefits that can be
nchicved by practicing the precautions and procedurcs advocnted by
equipnent manufacturers nnd oil companies has been provided by
particip-tion in n scheme in Scotlind where seven neighbouring fnrms,
covering a total of 37,000 1cres, were amalgamatod under onc
managonent (Ref. l). The scheme embodicd the re-orrinisation
of the machinery and scervieing arrongenents to obtain miximum benefit
from 2 plauned naintennnee prograune, 8y the instadllation of
appropri~tc, yct cheap wnd gimple, fieilities the cxtunt to which
lost farming time, mochanies! effort and sparcepart costs cin be
reduced wore clearly demonstrated,

PRINCIPLES QF FUBL STORAGE

During the 20th century, troctor designers hove mado vee of
almost cvery kind of internal combuation cnginc. At first gnsoline
and kcrosine=fuclled engines were the most popul.r, “nd in ccrtain
arcas of the world they still arc, But after World War II the

diesel engincs took an incrensingly prominent place, first in Burope
ant then
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in America, Today alm»st all the current British tractor production
is diesel powored, with only a few gasoline~engined tractore being
bailt for some Middle Bast coun.ries where there is a1 low tar on
gasoline used for asricultural purposes. In Horth Amncrica, the diesel
engine hao grown in populurity to the point wherc it now sccounts for
more tha. 50 of the tractor production,in competitior. with gasoline,
and LPG fuelled engines, used mainly in the smailer truactors (Ref. 2).

Consequently in most Jeveloping arers of the world the diesel
engine is tihe most common form of agricultural power nunit and the
following comments on storiase and handling reter to diesel fuel.

The rules for the correct storage of fuel for tructors ure so
simple that vhen written “own they sppears to do no more than state the
obvious. Yet the numoer of cases in wnich the simple rules are ignored
or overlooked, are so frequent tnat there is ample justification,
without upology, for presenting ther .gain.

1. Tanks shouli. be designed and positioned to allow neriodic
draining of accunulated slud,c and water,

Bsacential features being:

a) An outlet in the buse or the tank close to the end oppos:te

the druw-;ff point.

b) Tauk to slope Jownwards towards drain valve= 1 in 20

(Fig. 1).
2 Fuel outlet pipe to protrude into the tank a few inches

above the btase, to ensure that wate» and slud e on the base of

the tank are not drawn-off into the tractors' fucl tanks (Fig. 2),
3. Air ventilation pipes shouls be designed and positioned to avoid

inTress of roinwiter and from icing blocked by birdo! nests

(Fig. 3).

4, Tunks suould be cvlevated and jositioned so that machiuvery can be

gravity-fed by flexible hose direct from the storage tank without

resorting to punps or intermediate containers (Figs. 4 & 5).
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Storage tanks should be filled by » couplod hose nnd fixcd
stand-pipe, not Ly free dischnrge from an opon hosc¢ through nn
inspcction cover,
A dipstick or suitable contents ghuge nust be provided (Fig.l\.
Gnlv' nized trinks should pot be used buctuse acids sometimes
formed with certein types of divael fuel 'md water may nttack
the zine coting, Corrosion of the zinc coiting enn cause
filter blocking ind fuel aystem falure,.
Cylindric:l t-uwks nre better than rectinpulr tanks becruse all
contaminents, including the woter condensed from the ntmoaphore
onto the tnk wdls, will enlleet in the bottom scctor of the
eylindrical tank to riecilitate redy dradning, The sacel fucl
storapge tank,biaed on the ~bove rulcs, will bo:
Cylindrienl
Made of steel
Elevated “bove the level of trnctor tinks
Tilted to focilit-.te proper dreining of water
Fitted with drin top
Capable of iccepting - dipstick (or fitted with 2 contents gnuge )
Fillcd by ctundpipe, (not an open-cnded hosc )
Ventaed to - tuoaphore
Easily nccewssible for both filling nnd dischurging
Fitte with o flexible dischirge pipe an’ trigger cut—off nozzle;
the nowzzlc whe. not in use should be clipped in o suitible holder

Farm fuel tmks of :ny oize ac3igned with thae forevgoing tentures

incorporitud will guirintee complete frocdon from troctor fuel systen

probleps crising from the ingress of dirt and water,
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Rectangular tanks without draining facilities arc most
undesirable especially if open man-hole filling is adopted and if they
are p.acel clmac to the grounu so that cuns or buckcts have to be used
to transrer fuc! to the mashiner. Unfortunately it is the latter which

arc nost treaeutly found i+ asriculteral loeations in all parts cf the

orld,

PRINCIPLES CF 77777 STORAGE

All tractors repitoe an oil oopely ior threc basic compartmuntis,
the enpeire, the trans assien (ronr box 20 tinal drxve) and hydr-oalics,
whilst nll o 7ow-movine party such as wieel ceorings  and stecring
mechanissy wust be lubricitod ath greasc.  Whichever criudew and
quality of o0il und grews. ure gelscted principles of storage and
handling romain the same.

During th. stors;-. porind, while oil is no* buing drawn from the
drums, they should be stored in the horivontal jposition vith the bungs
in the v sitions correspondins to % o'clock and 2 o'clock on the
¢lock face, Storing the drums horizontally cnsurces that raimwater
or sny other possivle foma of contsauinmnt ic not Lble to accumulate

in the dram o

~
H

3 positionding the bunce at 3 o'ciock and 9 o'elock
cunaures that noiat sar is net drawn througsh the aecals when the contents
of tho “rums orxpand and contract dus to changes in ambient tomperature.
Onco a tap ie fattoa and the drum 1¢ brougbt into use it should be

held norizontally in a cradle hich erough off the sround to allow a

can to beplaced eamily bvonuuti thu tap (Fig. 6).

Alternatively, drum pumps that fit into the large bung in the end
of the drum cun he wwed Yor transfering the 2il into dispensing cans,
In this vy -ar-hondlinge of the drume 13 reduacec and there is loss
risk ot oaste due to apillag. fhere a larpe floct of tractors is to
cotevrcet snd o workanop 1o justifiod, then dispensing can be
improved cons:iderably by the use of compres.ed=air operated drum pumps

coupled witii « s1mple ddcpensing bar.  An exanplc of a lubrication bay

1
3
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in ar agricultural workshop is shown in Fig. 7

45~gallon or 25-pallon drums can be handled by those me-thoda but 5-
gallon drums, which ar.: somctimes the most «conomical way of buying

can
oils in smaller quantitiud/ stand vortically on o suitabl. bench or
plinth, The tap is positioncd in the side of the drum, protruding ok
over the wdee of cthe stund to allow n suitable contiiner to be placed
widerncath it for drawing-orf the lubricant.

01l in use should always be kept under cover and it ia also
preferable for drums await_ng u3e to be stored under cover, protected
from the san and rain,

It is desirable, wherever possible, to allocate a apecific place
for storing and dispensing lubricants if contamination by dust and
dirt is to be avoideu. A simple dividing partition is all that is
necessary to separate the oilstorage arca from the reat of the floor
spacc,but the floor of the oilstorage area should, wbonever possible,
be made of concrete or timber, To complete the ¢il storape facilitics
a shclt or rack should be fitted, thus avoiding the toemptation to leave
cans laying on the floor.

The storage of pgreases presents no problems as they are packed
in sealed drums or btucketsht nce the prease bucket is onened the
problem of hondling and loadinis th. rease 1nto L. ,unsy arises,

Figure 8 iliustrates ouly tuo ¢l arly what happena on miny farms, yet

by the us: of a pun that nount: air.ctly on to the contoiner all the
problems of dirt an. moisturs ingress can be overcomo. In o idition,

the farm vorger doc: not have to faee the nessy job of loading th~ hand-
operated crease gun - 4 task that must make him reluctant to ase it.
Figurc9 illustrates oo typical, dircet-mountoa grease gun,

A ncw approach to the handling of grease on the farm is currcrtly
being footered iu Burope by the introduction of cartridec loaded

grease-_uns and pre-packed grcase.  With this system it is only
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necesseary to remove the ond caps from the¢ grease cartridoo, load it
into the gun which is then ready for immediat> vnae, Figure 10 shows

a typical cxample of this ty.» o gun. It cannot be cmphasised too

gtrooily that Jdart aud Lodgture must be: kept out of greasc otherwiae

considerabl s damage, particalarly to ball and roller bearings, will

QCcur.

PRACTICAL FARMING .iXERCISE

Before the scheme menticned in the Introduction was inauguratcd
the seven farm units supported 39 tractors, together with an extensive
range of ficld implements. Fuch farm had its own allueation of machinery
with the driver or wperator responsible for day-to-day servicing.

Two fitter/mechanics were fully employed in maintaining and
servicing this ccuipment from a primitive, dirty and overcrowded
workshop, while each farm unit hed a dark and dirty shed in vhich a
multitude of oil drums and tins, grease pails and greasc guns were
spread in an untidy 8Fray - usually on the ground! as lhc conditions
were cortuinly no octier, and in many respects were worse than those
encount red by the Autnors in many parts of tne world including West
Africa, South-Bict Asia, North Africa and the Middle kast, it is
reasonable to conclud: that the failures, difficulties and cxpense
incurrvd in trying to operate a fleot of mechanical equipment under
thene eonditions wer: not sigoificuntly different from thosc problens
encountered, nd fiegquently not recognized as casily avoidable, in many
developing wreas of the world, It is thereforc worth considering the
exercise in Scotland in some detail.

Before the nuw scheme started minor tractor engine failures were
frequent, po r sturting being the biggest single problem, This was
partly du. to complcte disregard of ary attention to batteries, battery
leads and termirnals.  Fuel system failures wore nowsver a major
sceondary cause of failure;in rany cases resulting in a repair with

the tractor out of scurvice for several days.

e e e
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All too frequently water and dirt were detected in the fuel
lines, filters and pumpsa. Reports from the mechanics confirmed that
fuel system failures, includin~ expensive sedlsure of the fuel injection
pumps were a continunl source of disruption to profitable farm work.

In spite of repeated problems no steps had been taken to improve

the fuel storare facilitiess The shape, position +nd location of the
tanks made it impossible to crain them., Conueguently, the water and
sludge accumuliuted over more then ten years of use wan stirred wp
into the tank vvery time a new charpge of fuel was delivered., Extreme
fueti systew troubles could have gafcly been predicted norely trom an
examination of the elementary storage arrangements.

It was therefo=c necessary to install new fuel taabs st convenient
points adjacont to cach tnrm and provide storage facilities for
lubricants, grease & filter clements nlong with suitiblu ol and grease
aispensing equipment.

Each 750 gallon fucl tank rests on brick piers at a height of

eight feet, thus allowing dircet gravity filling into the trictors'

fuel tanks. For the purpose of recording fucl consumption the fuel is
dispensed through yrivity flow mcters. (Fig. 11).

A steel walk-way orovide. wasy access to the tank, especially
for using the dipstick., Filling is cffected through a down-pipe
terminating somc 18" from ground level. A corcrete hard-stand ing in
front of the tank ic used by the farm tractors for refuelling and for
minor servicc work ¢ ich as checking oil levels and changing lubricating
oil.

The space under cach tank has been filled-in and fitted with
lockable doors to provide & atorage plac: for oil and grease. Spare
fuel and oil filtor elements arc kept in this astoru in which shelves

have been fitted (Fig, 12).
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The fuelling units sare successful in completely overcoming
tractor breakdowns duc to the ingress of dirt. Waste duc to spillage,
which in the past was considorable when tractors werc filled from poor

dispensing cquipment, has been reduced to nil.

Spare parts and repair work costa were not carefully recordod in
the period betore the cxercige started, but it i3 a4fe to estinate
that the parts bili saved merely by cleen fuel amounted to sonme £350
to £500 per ycar. Lost production time was also uniweorded 30 no
objective comparison can bte made. The outetanding tature ia that the

to

two fitters, who proviously spent thelr working days aYLvndlng/minor
breakaowns are now {ree to carry out mechinery overhau:s and maintenance
that pruviously had to be pass.d to manufacturcrs' approved service
depots., With roducei overtime, and a proportion of their time now

allocated to o simple propramme of preventive maintenance, the

improvi-ments ippesar to have saved something in the order of 1,000

mechanics' man-hours and at least an cquivalent amount in productive

%
;
é
;
1
4
:

farm work,
Before the oper-tion commenced cach farm unit stocked a multitude
of different grades of luvricant in 4 variety of diffcrent-sized

containers. Conmiderable difficulty, couapled with 4 high risk of dirt

contaminatiorn, wan 1nvolved in the cheer task of dispensing the
lubricant intc the appropriate part of the tractor. Under such
conditions it 19 needlean to any that the risk of putting the wrong
oil in the wrong part of the tractor was g¢reat. Therefore, one of |
the first tasks of the opuraticn was to consider carcefully the

possibllity of lubricant rationalisation. A study of the machines

on the Estate - including tractors, general farm implements, lorries,
vans and cars - snowed that considerable rationalisation could be

achicved 830 the following arrangements were made,
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1. BEach fuclling inatzllation would carry onc grade of Univeréal
0il of Supplenent 1 quality nnd S.E 10W/30 viscosity., (Sce
Appendix). This would be uscd in the cngine, transnissions and
hydraulic systuis of the tractors and in any other agricultural
nachinery allocited to that fari, Only on. grade of gronsc wis
nade available = o nmodurntdy trick (Number 2) lithiun typu that
could nct ns a1 Univeranl Groase for all machinery.

2. The nnin workshop wio reaponsible for locking ~fter the Estato's
fleet of vens, lorrics and eqrs in nddition to n wide ringe of
agriculturni tochinery.  The workshop wid thercfore supplicd
with Universal 0il nnd an Extroene Pressure type gear oil for use
in the tronaciasiosa and roar axles of the coqrs, vins and cormer-
¢inl veniclus. The one Iniv. rsnl Grensc wag adopted for use
throughout the com-lite range of meninery :lthough it wos
necessary to curry n s.nll tin of spocinl purpose gronse for

ugc whon overhauling water punps. The wisdor of :dopting

ratiortlisntion of this type roy boe questionod by wany manufacturers

but it is significant th .t only the pgrados uontioned have beun
used on the farme for the paat five years nd no problens havo
ariscn, 4 list of nachincery currently in use on the Estate is
given below:

xractora

1 Masscy Fcrguson MF 178

1 " L] " 175
15 " ] " 65
3 " " " o35
1 " " " 203 (industral tractor)

6 Fordson Majors
1 Ford County (four wheeled drive)

Conbine Harvesters

5 Masscy Ferguson types MF 500, 510 and 515 models,




Vehicles

4 Petrol-cngined Land Rovoers

3 Diesel-unginct Land Rovers

3 Haflingors

Misc llancous

24 Cars and light commercial vchicles

2 10=ton Ford commereial vehicles.

TRACTCR SERVICE BENCH

As an alterniative to the fuelling stations described earlier
considerition has been siven to the design of a work bench,’or use in
existing buildings, fittod with the cquipment and waterial nocaed to
carry ocut routine tractor aaint.nancce the basic idea beiny to
encourage the driverscte mry out routine maintenance at 4 focal point
to which all mucninery should be browwht for servicing.

A survey of tractor linndbooks win carrivd out to .ctermine the

which

nature of work/tanifucturcers ¢x wet drivers to earry out, From this
study it wis conoluted thet the following cquipment and miterials would
be required:-
1. 0il for cngincs and transmissions; dispensing pumps and

measuring cans.

2 Greasc and greafse gun.
3 Compresscd air for tyres,
4, Anti-frocze ¢2nd hydrometer for checking Anti-frecze concentration.

De Distilled water for tattery, hydrometer and battury-charger.
6. Tools for adjusting valve clearances unid fan belt tension etce.
Te A converdient worging surface.

3. Cupboard space for storing Handbooks, tools cte.
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FMgure 13 illustrates 1 design of bench th-t hns been put into
sorvice on several farms, The main working surface is a1t wiist
hoighty to onc aide is n low shoelf for storing batterics on charge,
Underneath the bench f8 4 small electricnlly driven dr eomprussor,

a keg of grense wnd a 45-grdlorn drum of oil, Above, nd mounted

on n bnckbonrd, nrc ecupbonrds for toola, A vice wia not fitted to the
workdng surficc bectuse operations likely to require it were not
rcgarded 78 part of the tegoh's function nwnu might tempt fitters to
cut and file netal, glving rise to « dangerous source of contuminant,

To minimise the sccumulition of dust and drt it wes found
necess: Ty to site the tenches in outbuildings fittedl with doors.

The siting -«lso ~llow:d for the trictor to e driven indoors in the
bad weather nd to provide nocoiddtiorsl incentive to the driver to
carry-out th. roguir i riintenine., The cost ~f the prototype bench
wng £210 - £110 for the basic tench nnd £100 tor - csocds ted equipnont,
This fisurc nuat to compored with the congsider-ble chpit-l value of the
pachinery i vehicles being sorvicels  An oven cheaper bonch could

be desiagne: huving 1 hind=operited grense gun nd o powor tikeeoff
comprugsor in pluce of the cloctricilly opernted unit,

The bunch was well received by the drivers and soon beenre uaed
for a1l routinc rvintenncee, It provided what the ngority of small
ferns lack = o central point where nll equipment nd oaterind for
servicing cn e stored,

NANUF.CTURERS COND' IF'TION 10 SIMPLIFIED MAINTE'UNCE.

Servicing fm machinery should be o simple opuration thit can

be carriud out quickly il without speinl toola, Unfortunntely this

is not th. c-iac with the nnjority of farm wichinery, Wrdle manufacturors

g0 to considoratle trouble to pluce the fuel tiller cops in an

accensible pluce the filler for the hydraulic oil system is frequently
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located in such a position that it is necessary to have a special
shaped funnel available before it is possible to add 0il to this
system. OSimilarly, druin plugs have to be removed by spannering a
rough cnst squure or hexaron that alwaya fails to conform to a known
spanner size. These plugs soon become rounded by the repeated use of pipe
wrenches of adjustable spanners with the result that the piug becomes
difficult to re .ove ind the farmer loses interest in changing the oil,

It should te rel tivel: oin e to modifv the desi;n of the
drain, filline and level plugs sand adopt  one standard size hexagon
(or square) head. The nuts and tolts on filters that h.we to be
undone to chinye elements should also be standardised. A suitahle
stanner of robust corstruction could then be incorporated in the
tooi kit,

Reference to the servicing chart in the operstor's handbook
presento a further problenm, particularly when different ~anufactur~rs
epdprent is Leing serviced vide-by-side, JDeveral independent
boaies allied to fars macrinery hove realised this rrotlemw and have
drawn 17 ¢ proposed standardioo! lubriention chart for use by
agricultursl machinery manufacturers., A typical examjle of a chart
drawn up by the american Scciety of Agrioulturil oLainoers is shown in
Fijure 14, Manufieturers appe.r reluctant to adopt these chirts.

This ic uilortunate tecuause the use of standsard colours or characters,
coupled with a chart having 2 standurd luyout would be of considerable
value, particulurly in Developing Countries.

Manufacturers could further assist maintenance by rationalising
the grades of lubricant recommended. Earlier in this Paper we
referread to the use of Universal Gils which 4o a long vy towards

meeting thi reguirezent., 1 our experience it is possible to

lubricate tne majority of [ .ipm nucrinery with two grades of oil,
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Namcly, a Universal 0il for engincs, transmissions nnd hydr-ulie
systema ~nd an EP gear oil for the use in heavily-lorded ronr axles
and finnl reduction geara, With the introduction into Burope of more
sophisticoted tractors incorporating semi-cutonitic traunsmissions nnd
br-kes immersed in the re-r--xle oil, it will be necessary to introduce
a third grode for these gpeei ]l requirenents, It nny however be gonwe
time before theac machines find their waiy into developing countrice where
two grades of lubric-.nt should suffice for nany yenrs to cono,
JHCUGHTS QN LUBRIC. LN OIL R.TION.LIZ.TION*®

A the trocror i9 the meinaty of farm nachinery 1t is usunl

to give 4t first conoideration when scleeting oils for tho machinery
on 1 firm. With ouv notibtle oxception (thot will be de Lt with lutcr)
one oil nn! one provse will lubric:te 11 wheoled tractors. The oil
and gronse must be crefully choseon, but once soeloectedl they cin be
used in 1 wide voricty of mocninienl furm cquipnients  Retionilizetion
nikes the stor .~ nd hordlirng orrongeuents extrescly sanple; wnd
corsider-...; roluces the possibility of using the wronge grule of oils

Practic 1 cxpuricence hLis shown thot the ijority of ~gricultural
tractor cngines c'n be lubricited s tisthctorily with ':n oil of
MIL-L-2104B quality, This quality cn ~1lon Yo used 1o engines in
agricultur:l tr-ctors when 3eries 3 or DS oils nre ¢:1lled ftor,
providing the oil chinge pericds are roduced by hlfe  Ideocl oils of
MII-1~2104B quility cun ~lso be used in petrol, TVO 'nd LPG engines
that often work ~lorgside lies<l tpactora,

The use of 1 rultigr de oil ~lso wesists rutionsdisntion and
overcores the nced to chinge the il with cvery change of gonson,
The sclcetion of the .ppropriite viscosity dcponds on severtd frctoras
including the country ~nd climntes  dowever, tne locnl oil gupplicr

will be plewsed to advise on this oo tter,
#Note:  Siople dusigmation of lubricoots will be used in thio gection
of the papure For full cxpliun.tions of the various cterorics,qualitics

and viscositius of lubric.ting oils consult References 2 and 3 or the

Appendix te this paper,
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TRANSMISSION & HYDRAULICS

The important ispect of tractor transmission lubrication revolves
round whether or not there is a separate rescrvoir of fluid for the
hydraulic aystem or whether the hydraulic pump drawe oil from the
transmission and employs the transmission oil as the hydraulic fluid.

.

The separate system offcrs the ovportunity of selecting an o1l to meet
’
specific requireronts of the hydraulic system without considerution
for the other lubric.tion requircments of the tractor. The combined
trangmission-hydraulic resecvoir offers a number of distinc: practical
engincering advantiges which have led to the adortion of the combined
system by moot Buropean tractor m§nufacturers. The oil auality
recommended for the combined syctems was originally dictated by the
requircrments of the trinsmission units, Cousequently, simple gear 0oils
of SAE 80, Sif 90 and S.E 140 viscosity were used in the .. jority of
cases and it was soon found that such ~ils were far too thick for the
successtul oreration of the hydranlic equl ment.

During the late 1950's tots vere carried out which siiowed that
the transmission units could be satisfactorily lubricated with a diesel-
engine oil wnich had viscoasity characteristice more suited to hydraulic
gystens than the thicker, conventionsal gear oils., As a result it has
become comnon practice to une a good quality ensine o1l in combined
tractor trarnsaisgion and hydraulic zystews. However, a8 transmission
loacs increased and the requirementss of hydraulilc systems became more
sever:, it tecame necessary to ilnmprove the perforuance of the enyrine
oil to mare it nore suitable for this type of duty. This lead to the
introcuction of '"Universal Tructor (1ls' which are essentially high
quality engine oils that haves-

1) Additioual load-carrying additives to protecct the pears;
2) Increascd 1esistance to oxidation and oil-film breakdown, to

suit hydraulic system requiruments;
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3) Ability to protect gears and hydraulic system components
from rusting during periods when the machine is layed-up.
The popularity of these oils among the farmers of Burope has
been such that there are now many different Branded products soid
as "Universal Tractor 0ils". The range of Brandod productz available
is not important. Whit is iaportant is that any one of theue oils will
lubricate #11 tractors:;  onsines, traasmissions, anydraulics and any

other avxillarics and sundry oquivment around the farm,

The Exception to the Rule

Special Transmission Lubricants

Some tractor transmission systems require Extreme Piressure oils
of various viscosities - usually described as SAE 80 EP; SAE 90 EP
and Saiv 140 BP, These »ila ure not only damaging if used in enyines,
they can als3o causc severe demage to hydraulic puups if inadvertantly
used in conventional trunsmisaion/hydraulic systems, Tractors and other
farm machinery needing &P cile should be made easily identifiable to
minimisc the risk or misuse of these very active oils teal cun lead to
severe corrosion and wear it used in the wrong machices or in the wrong
componcats of certain machines, Furthermore, manufacturers sihould not

specify these oils unless they are absolutely necessary,.
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APPENDIX
SAB VISCOSITY CLASSIFIC.TIONS FOR ENGINE

AND GEAr OLLS

The necd for n relinole closvific tion of engine-0il viscosities
was recognized in 19¢f when, to replace previous vague terms such as
*light, medium and heavy”, the Amcrica Society of Autoaotive
Engincurs (sAE) adoptcd an arbivrary scale of numbers corresponding to
viscosity brackctd. Toduy there are woven single-grade numberings,
each spanning o range f viscoscities at a certain tempersture:  the
mo3t viscous or thickest ia GAE 50, and the least vioccous or lightest
is SAE 5W., The suffix W denotec o thin o1l recommend.o for winter
usu, when ongine-=atarting woald be difficult with thicier oils,
Viscosity numbers for the wintor grades are speeifica bt o tumperature
of OOF, but those for other grades sre specified at JIUOF, which is
nearcr the rormnl running temper:ture for an engine oil.

(Notu: SiE numbors for gear oils bunr no reliation to thosce for
engine oils.)

In the 1l:test revision of the SAE viscosity classification (1967)
the offjcinl values are quoted at o°F in Centipois. and at 210°F 1n

Centistokcs. In the table below, thuse values are undgeriined,

Corrcsponding valucs in other units are approximate and are for infor-

mation only.
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iPI Service Clagsificntions for Engine 0Oils

In and around 1958 it w:g becoming obvious that there was » necd
for gradings or standaras for cneine oilr, so that ongine manufacturers
could safcly recommend nny »ils that conformed to the dusired stardard,
and so that uscrs could ccleet the oilg best snited to their require-
ments. The American Petroleum Institute (API) drew un o scerics of
survice clasaifications to cover the conditions under which engines
operate, with three types of acrvice for dicsel cngines and three for
gasolinc cngines. In the dies:l category they are: Service DS, the
most severc standard, followed by DM nnd Du, which nre progrossively
less scvere in their roquirenmenta.  Gasoline enplnes are covercd by
Scrvice 1S, the most scevere; Service MM, centering tor modurately
severe opcrating conditions; and Sorvice Mh, citering gonerally for
light and frvourable conditions in cngincs with no specind requircments.

Since their introduction theso classificotions have been widely
used by industry. However, chinges in ongine design and opurating
conditions hov o outdst.d the original detfinitions 2s applicd te eanoline
éngincs ‘nd 48 1 rusult the AT hewe recently announcud revisions of
its scrvice clussificntions fer motor oila.  The changes are 18
follows:-

Service MS will now design te motor oils which muct the car manufac-
turer's warranty rcquirements for engines, including those with cmisaion
control devices. The officinl dusipration rends as follows:-

"Service MS - Scrvice typicil of gasoline wnd other apark=

ignition ungines wn ro thore ar sp.cicl lubrieation
requircounta for deposit, woor or COrrosion

control. The acvority of thes. gpeeinl Inbrication
requircments verics with ongine decign factors,

which in themsclves may vary with mnkes and models,

with fucl charactcristics, and particularly with
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engine opcrating conditions. Servico MS rcpresents
the scverc conditions of modern gasoline unginces
ircluding thosc vquipped with emission control
devices, operating under aenutcturcr's worrantv,®
Scrvice MM will row designate additive-type oils intended for
modcrate scrvice., b officinl designition roids o8 follows:i-
"Sorvice MM - Scrv.ce typic:l of gusolin. nnd other spark-
ignition engincg used under modortte operating
condi tions, but prescnting problems of deposit
or bearing corrosion control when crankcase oil
temperaturces are high.”
Tuo-cycle classific ti ms Rave r-cently been announced e folliwsi-
"For Scrvice TC-1 - Scrvice typical of two-cycle, crankcase
scavenged cnegin. s operating under moderite power
conditions, which present ro gpocitl problems for
deponit control.,

"Por Scivice TC-2 ~ Scrvice typicnl of two-cyelc engines operating

near or at tighest vower conditions and rcequiring
greatest protection napsinat geuffine and waear,
lacquer and carbon formntiono nnd d.oposits of

combustion and their related problems.”

The elassifientions for dicsel lubricnints DS, DM ind DG remain
unchanged. Scrvice ML is now ~taolute (from Ky 1st 1969),

From the nbove it will be apprecint d that the clossificutions
define enrine osporsting conditione and not oil auality. In order to
providc o weans of sscescing olls as suitable tor M3 clacsification,
the American motor murmticturers developed o sories of cngine test

methods which have been s.dopted and published by th. ASTM as Standard

Methods. Thusc are known sns MS Test scquences I to V.,
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Bach Scquence evaluates a varticular nspeet of an o0il's behaviour.
Promincnce is given to the demands imposcd on an oil by modurn gasoline
engincs with hydriulie tappets and closed systems of positive erankeasc
ventilation. .among the factors nsscased are wear of componcents,
deteriorntion of c¢uns and cam-followcrs, formation of deposits in
pistens and other parts, formation of sludge, corrosion of bearings and,
finally, genersl rusting.  Thus ig sct 1 minimum perforucnce standard
covering n1ll operatiag conditions, whother cncountor.d singly or
torcther, An 0il thot withatoinds thoge toats succecesfully cnn be said
to have passcd through the most scarching nand rigorous test conditions

80 far deviscd for erankense oils.

DIESEL ENGIUE OIL QUALITIES IN CURRENT US|

SUPPLEM:NT 1 {OFTEN REFZRREL TO .S S1)

This 15 an abbreviation for US Army Ordinnnce Department oil
speeification 2-1048 Supplement 1. Although frequently referred to by
manufncturcrs and oil companivs this specification is now out-of-date
having been supirseded by NIL-J=2104B specificition.

The Supplement 1 o0il (S1) specification requires an oil to bo
tested in o Chevrolet L4 gagoline engine and in a Caterpillar L1 diesel
engine, On completion of the tests the engines arc inspected
and rated in terms of deposits, wear and corrosion. An Sl oil can be
clagsificd ns suitsble for service DG by the API rating system.
MIL-L-21045.

This US Army specification wes introduced in 1964 and was
devoloped to fulfil the performance requirements of 1 lubricant for

use in Military vchicles equipped with gasolinc or diescl engines and

operating under light duty stop - und - go as well a3 under coniinuous
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rmoderntely=high output conditicns. For civilinn npplications today's
MIL-L-7104B (often roferred to no MIL-B) ds gemer1ly thought of nore
as 1 diescl engine oil, although it is vqully suitnble for the
gnsoline ungines found in cortoreinl vehicles nnd agricultursl tractors.
The MIL=R spocificition ruguires an oil to bo teated in four
different ongines to volw.to the following perforunnee factors.

1) High tenmperature deposi. control. This is 1g3u88cd in A

Catorpiller 1H liescl cnegdne which providos i 1i0Te SeVure tost
than the Citerpill-r Ll uscd for -pprovine: 51 guality oils. It
is howuver, less scvere thon the Coterpillar 1G test used for
Surics 3 oil cvaluntions,

2) Low tenp.roture {icposit control. This ov~lu~tes the ability of

the oil to control low tunper-ture deposits in gnsolinc cngines.
In this test . single cylinder engine is operat ¢ on 1 low=
medernte toaper ture eyele using o low guelity, regular-grade
grsolinu, On corplo tion of the test the cngine is rated for
sluds wnt vernish deposits on ongine componunts,

3) Rust Protoction. This teot is c¢.rricd out in 2 grgoline ongine

ruruing under low-spoed, low=tenmperiture conditions and is

T R L R I A A 3
L N L I S R B I u‘;v;t tr

rodnournoye, After the trst
the vngine is inspect d nnd rted for rust, ccrrosion, varnish

and sludge deposits.

4) Copier/Lod Boring Corrogion Protioction. This tost is earricd

out in - »gusolin. _ngine opornt.d wt high tonperature. It
ngscae s the vil's nbility to rosist oxidntion, corrosion and
the foraatica of varnish, On conpletion of the tost the
coppur/l;nd smnll-cnd bonring is chocked for weight loss, while
the pistons nre rotod for skirt veurmish. 4 NlI-B oil would be

classified 18 suit.ble for service DM and MM by thoe API rating

systitie
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SERIES 3. A rerics 3 lubricant is onc thot meets the requircments
of the C terpillar Tractor Company's Supcrior Lubricants -

Scries 3, which wns introduced in 19%6. To quelify under this

specifieation it 1s nccessary for the oil to demoustrate
gatisfactory deterpoency in the super-choarged Cotoerpillar 16

and 1D single cylinder aiosel tist cngincs. The 1G test
evaluates the deposit conirol charactoristics of the lubricont
under high lo.d using low=-gul hur fuel. The 1D test demonstrates
an oil's ability to control duposits forwed wndor less thermul
stress, hut in the onvironnent of o high sulphur fuel. The

US military cquavnlent of Serics 3 is MIL-L~4519%B which, in
addition to the Caterpillr 1G and 1D test, cnlls for a bearing
corrosion test simil:r to that requir.d in the MIL-L-2104B
gpeceification. A Scrics 3 o'l is classificd ns "suitable for

scrvice DS" by the API rating systen.
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TRACTOR FUELLING UNIT
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Fig. 5.
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SIMPLE DRUM STAND

Fig. 6.

Fig 7.
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ASAE RECOMMENDATION:
Lubrication Intervals For
Tractors And Farm Machinery

v A~ sl Power and Machinery Techacal Com

. Y " [NRINERY L TREFEEEFINE A ATRTAIN T4 o
LUMICATION INTERVAL | Svmap: s P C e 1M e hacman A fapted, 1962
5 HOURS ;;1 I AN
f— e e N
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L S
5 HOURS [‘_] Yhiiow
L
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p— @ 4
1 50 BURR ra ? B UE ) ) )
400 HOUR® -] s Thic s g recommended schedule for use w preparing periodic
1 N O " lubrication or service nstrictions se wich ASAE Recommenda
if M {IWRe P
|- tsom Lubricatson (hart tor Tractor: amd Farm Machsmery Charts
2000 rouRs . BAcx mayv he used ether with oo withoat symbols andior eolors

OB A

ASAE RECOMMENDATION:
Lubrication Chart And Diagram For
Tractors And Farm Machinery

Heooatone s cans appe e LR I i M tenesy [echoe Al

T N P R T L S X PRPRRY Tea o itiane Wforpers

This 15 o recommended format for peroshe fibanan o ae
service charts that will be athiesd 1o the b 0 0 b
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assembhy of a4 complicated wachoo iy he esnabl
Charts are 1o be of waterpr ol aned o neproot mab ruat
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