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OVERLOADING

Overloading is a common practice among all traction engine owners. [t
is a peculiar circumstance that seems to lead all owners to try to make their
engines do a little more work than that for which they were intended. Many
owners, too, have learned by costly experience that it does not pay. Cir-
cumstances may arise, however, in which the returns from the work per-
formed under overload will more than pay for the damage involved, but the
operator should understand that the factory will not be responsible for break-
age or damage when the tractor is overloaded.

To get the best results from the “Caterpillar” Tractor, or any other
engine as a matter of fact, DO NOT OVERLOAD. If you work the tractor
to the capacity advised by the factory, it will give the same steady service
year in and year out. The draft required to work various kinds of soil
varies enormously. Be guided by the equivalent number of horses or mules
required to pull the equipment that is placed behind the “Caterpillar” Trac-

tor, in the locality where the work is to be performed. 1f it is difficult for .

you to decide what is the proper load, write The Holt Manufacturing Com-
pany at once, and it will be a pleasure to tell you just what load you can

successfully and economically handle.
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Instructions for Ordering Extras

1. In ordering extras, write the order on a scparate sheet of paper.
- Orders placed in the main body of a letter will receive due attention,
but orders for extras written on a separate sheet of paper will expedite
our giving service to you. ,
2. State plainly your postoffice address, then state the address, County,
and State to which the goods are to be sent, and whether the order is to go for-
ward parcel post; express, what route; or freight and what route. State the
number of the “Caterpillar” Tractor for which the extras are intended. See
Service Bulletin A.

Some towns are served by more than two express companies, four
separate railroad systems, or two river boat companies, in addition to
parcel post. It is necessary that you give the complete forwarding ad-
dress. Good service on our part starts in getting the order complete
from you in the first place.

3. Order from the Price List of Parts book. Always give the part num-
ber complete, and follow it with the part name and description and quantity
wanted. If in doubt send in sample. Be sure to state whether for right or
left side.

4. PREPAY ALL FREIGHT OR EXPRESS CHARGES ON
SAMPLE CASTINGS OR EXTRAS SENT TO FACTORY. Identify
the part by putting your nanie, address, and purpose for which the part gvas
returned, on the tag. Then write a letter stating the purpose for which the
part was returned.

Never give us credit for being able to guess what is wanted, for we
never attempt it, therefore, vexatious delays will be avoided by fully
identifying the returned shipment with your name, address and purpose
for which part was returned, in addition to writing a letter. Unidenti-
fied material is held fifteen days and if no advice is received the sample

. is passed to scrap.

Instructions for Returning Goods

It is necessary for our customers, especially those who operate agricul-
tural machinery, to have occasion to make return of sundry parts shipped
them through error on our part, or through error of their own in not order-
ing correctly. In returning goods we wish our customers to observe the
following instructions:

1. Place your name and address on the tag securely fastened to the part
being returned. On this same tag state the purpose for which the part is
being returned, such as repair, sample, inspection or examination for credit.

2. PREPAY ALL FREIGHT OR EXPRESS CHARGES ON MA-
TERIAL SENT TO THE FFACTORY.

3. Write a letter stating the purpose for which you are returning the
part.




GENERAL DIRECTIONS FOR
OPERATION.

First Putting the “Caterpillar” Tractor in Service.

1 —  If the “Caterpillar” Tractor has been received by freight, the engine will
be completely boxed in and the tractor will be securely blocked on the car.
Remove the boxing from the engine and remove from the car the cleats that
brace the tractor.

2 —  All the grease cups on the exterior of the “Caterpillar” Tractor are re-
moved at the factory; corks are inserted where the grease cups are removed
and the grease cups are placed in a sack and boxed in with the engine. Be-
fore moving the tractor it is necessary to put the grease cups in the places
where corks are found. No grit or dirt should ever be allowed to gain
entrance into a grease cup hole or to become incorporated with the cup
grease.

3 —  Fill all grease cups with “Caterpillar” Cup Grease and screw down until
grease is forced out the end of the bearing. This, then, eliminates all chances
for air holes in the grease and gives the correct starting point for lubrica-
tion. If grease is kept in, dirt will be kept out.

4 —  (The first duty of a “Caterpillar’ Engincer is to keep his supply of ozl and
cup grease scrupulously clean. The least trace of dirt and grit introduced
into a bearing causes cutting in the bearing surfaces and undue wear. Grit
and the worn particles of metal will fill up the oil grooves and ultimately
prevent any lubricant from reaching the desired point. A grinding com-
pound is all right when used in its proper place, but it is not a lubricant in any
sense of the word, nor is oil or grease containing grit a lubricant. Dirty oil
and grease must always be treated as a grinding or cutting compound. An
engincer’s reputation depends upon keeping his lubricating agents scrupu-
lously clean.

5 —  Fill the water tank with clean water. When the engine has been started
and circulation has been established, fill water tank so that it overflows, thus-
insuring the radiation system being completely filled.

6 —  With a piece of waste wet with distillate, wipe the crankcase doors on the
right hand side of the engine, remove doors, and examine the lubricating
oil supply. The oil levels under each cylinder should be to the top of the
overflow pipe. A measuring stick absolutely free from dirt should be in-
serted into one of the overflow pipes (see Y, Fig. 3, page 12a) in the oil
pits, allowed to descend till stopped by the bottom of the crankcase and
should show at least one inch of oil on the bottom of the stick. If this con-
dition does not exist, fill the crankcase with “Caterpillar” Cylinder Oil till the
oil shows at least one inch on the stick. See Fig. 5, page 13, for correct oil
level.
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CARE AND OPERATION

7 —  Revolve the engine by hand and be sure that the dippers on the end of
the connecting rods are all in place and that they dip into the oil level at
least 14”. It is absolutely necessary that these fingers throw the oil as the
wrist pins, bushings, piston rings and all bearings inside the crankcase depend
on this for their lubrication.

8 —  See that the mechanical oiler is filled with “Caterpillar” Cylinder Oil.
9 —  See that the fuel tank is filled. :
10 — Examine the pump and fan belt. A loose belt on the water pump is

especially dangerous. After an engine has been idle for some time the
pump pulley generally turns stiff until it is warmed up and if the belt is loose
it will fail to turn. The pump pulley must turn in order to circulate the
water through the engine. ‘

11 —  Oil the rocker arms on the engine. Oil the governor plunger, particularly
the extreme end of the plunger and bronze washer. Lift the hood protecting
the master clutch and oil the bronze collar (E1903, Fig. 37, page 73) thor-
oughly. On each side of the wheel that carries the friction segments, two
oil holes will be found on the countershaft. See Fig. 43, page 79. It may
be necessary to throw out the friction slide to uncoveg these holes. Oil these
holes thoroughly and at frequent intervals during the first day or two of
operation. The end of the shaft carrying the hub of the front wheel is pro-
vided with an oil reservoir which is protected by a hinged cover. Fill the
compartment on each side of the wheel with “Caterpillar’” Cylinder Oil.

Second Starting Engine
12 —  See that the main clutch is disengaged. If it is engaged it might cause
trouble and be hazardous to life. '
13 —  Retard the spark. Trip the ratchet catch lock ST14 on the HK or TS8

for the TK K-W Magneto to put the impulse starter into operation.

(NOTE.) At full retard position, which is the bottom of the quadrant, the short
circuiting switch engages the low tension lead and short circuits the magneto. Before
starting the spark lever should be advanced a trifle past the position required to disengage
the short circuiting switch. The spark lever, however, should never be advanced more
than 14 the range from the bottom or full retard when starting the engine.

14- —  Advance the gas lever from the bottom of the quadrant to about 4 posi-
tion. Some operators start the engine with the throttle wide open. This is
a great mistake. Too much “wet gas” on a cold morning hinders starting.

15 —  Open the priming cups and give each cylinder two or three squirts of
gasoline from a priming can. Prime the carbureter with gasoline. Do not
over-prime the cylinders with gasoline. Over-priming will wash off the
piston ring and cylinder wall lubrication. It must always be remembered
that the lubricating oil film between the pistons, piston rings and cylinder
walls is the final seal to retain compression and must never be destroyed by
over-priming.

16 — If an engine refuses to start and has been primed several times, or if an
engine has stood idle for a long period of time, remove the spark plugs and
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‘‘CATERPILLAR’ 75 TRACTOR

insert with an oil can about three tablespoonfuls of cylinder oil in each cylin-
der and revolve the flywheel several times until the lubrication film is estab-
lished and compression becomes effective. Trouble with excessive carbon
deposit under top piston ring or a piston ring cemented in the top piston ring
slot is almost always directly chargeable to over-priming the cylinders in
starting. When the lubrication film under the top piston ring has been de-
stroved by raw gasoline, damage always results.

(NOTE.) Following are some suggestions for starting a warm or hot engine:

(a) If the engine is fairly warm, attempt to start without any priming.
If the engineé refuses to start without priming, prime with distillate only.

(&) If the engine is only fairly warm, prime with gasoline only. Use the
least amount possible.

If the engine refuses to start under usual procedure of priming:

(c) Remove spark plugs; clean porcelains till bright ; reassemble ; be sure
that the spark plug points do not separate more than 1-64 in.: wet the end
of the spark plug with gasoline. It is extremely important to keep the porce-
lain of the spark plug bright and clean.

17 —  Close the priming cups.

18 —  Revolve the engine by the large flywheel, holding the flywheel firmly on
compression stroke and give it a quick flip past center. Unless the engine
has been over-primed, starting the engine is an easy operation. Be sure short
circuiting switch on magneto is disengaged.

19 —  \When the engine starts:

(a) Close priming cocks.

(b) Advance the spark.

(c) See that the radiation water is circulating. The moment that the
engine starts, it is vital for the enginecr to determine if circulation is taking
place correctly. If not, the fault must be remedied. Impaired or poor cir-
culation can cause scoring of pistons and cylinders immediately, regardless of
the quality of oil used. :

(d) See that the fan is running.

(¢) Determine if any slippage is occurring on pulley that drives circu-
lating pump.

(f) Be sure that the pump is not drawing air through the brass glands.

(g) See that the oil is circulating in crankcase sight-feed oiler. If the
sight feed clogs up, shut the engine down immediately and remedy condition.

If any distributor pipe clogs up and the sight feed oiler doesn't
show all streams running, shut the engine down and remedy condition.
Examining the crankcase oil supply every day and keeping the crank-
case oil supply clean will obviate any failure of circulating system.

(#) Never allow engine to operate with one or more “missing” cylinders,
whether starting or pulling a load. The crankshaft is the member that
suffers if this condition is allowed to exist. and serious damage ¢an be done:
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CARE AND OPERATION

| Third Starting the Load

20 —  Advance the spark lever to the required position. (Never operate the
engine on a load with retarded spark except for short intervals in heavy
work.) Give the engine more gas by advancing the throttle towards the top
of the quadrant.

21 — Do not allow the engine to race. When ready to start, apply the clutch
gradually until all slack between “Caterpillar” and load is taken up, then
pull the clutch in firmly and without jerking.

22 —  Run the engine as near the speed marked on the name plate as possible.
This will give the greatest power and most economical operation. Correct
lubrication and circulation also depend upon kecping engine up to speed indi-

© cated.

— Tf the engine does not run at the required speed, stop the engine and
adjust the governor. See paragraphs I44 to 146. Never attempt a governor
adjustment while the engine is in motion. On engines which drive electric
lighting systems, it is vital that the engine be kept up to speed on name plate
to turn generator fast enough to generate proper current.

Fourth Running

’ 24 —  Steering the “Caterpillar” Tractor is accomplished by first disengaging
the side friction on the side in the direction in which it is desired to go and
then turning the front wheel to the correct angle. This is the patented and
superior feature of the “Caterpillar”—there is no differential to have trouble
with. It is not necessary to throw the lever clear down to make a slight
turn. After disengaging the side friction, the degree of turning depends
upon the angle of the front wheel. Steering the wheel alone accomplishes
but little unless the side friction is disengaged first to correspond with the
direction you wish to turn.

25 —  In steering around a corner, disengage the side friction first, then turn
the front wheel. As you round the corner, straighten the front wheel and
then engage the side friction. If you follow the above directions in turning
corners, you will find that steering is an easy matter.

26 — In descending hills, the speed can be regulated by closing the throttle
and possibly retarding the spark. The K-W Magneto can be short circuited
by means of the switch and the compression of the engine emploved as a
brake. This operating condition is rare. Of course, the brakes can be used
at all times required.

27 — NEVER OIL THE “CATERPILLAR” TRACTOR WHENXN IN
MOTION. The “Caterpillar” Enginecr’s duty at all times when the tractor
is in motion is to remain in his scat and have control over the tractor and
load. If the engineer leaves his seat and becomes engrossed in lubricating
parts or has his attention called otherwise, an accident may occur ‘that will

cause the engineer to lose his footing and may result in injury to body or
limb.
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‘‘CATERPILLAR’ 75 TRACTOR

28 — In most plowing outfits a second man or “plow tender” is required to
tend the plows and possibly other equipment and as his attention is not con-
stantly required there, he has time to turn up the grease cups on the gud-
geons, centrifugal pump and fan belt grease cups. However, though the
plow man or helper does this work, the “Caterpillar”’ Engineer is responsible
for the oiling of the entire tractor and must see that it is done. The “Cater-
pillar” Engineer must never direct a plow tcnder to oil a part of the “Cater-
pillar” when in motion that would be dangerous to life or limb.

29 —  The only time that the tracks can be lubricated is while the “Caterpillar”
Tractor is in motion. The track should be well flooded with Black Oil about
once an hour. However, many operating conditions vary and the engineer
has to use his own judgment in most cases. Crude and fuel oil should never
be used to lubricate the tracks. “Caterpillar” Black Oil judiciously applied is
a much better and more satisfactory lubricant.

Fifth Stopping Temporarily
30 — Disengage the master clutch.
31 —  Close the gas throttle so that good idling speed is obtained. If engine

has to idle for a long period, adjust needle valve and retard the spark lever
about one-half. If you wish to stop the engine, bring the spark lever to the
bottom of the quadrant, which will engage the short-circuiting finger on the
high tension magneto.

Sixth Stopping at Night or End of Run

32 —  About 100 or 200 yards before the stop is made, open the compression
-cocks. This blows out any surplus oil and carbon in the engine and helps to
make easy starting the next day.

33 —  Close the throttle, retard the spark. Instead of killing the engine on the
magneto, close off the distillate supply to the carbureter (by the fuel line valve
and not by the needle valve) and allow the engine to die from the want of fuel.
This will prevent any condensation of the vapors of distillate in the cylin-
cers, and they will be left entirely dry and warm. If the engine is killed by
short-circuiting the magneto., one cylinder of the engine is always on com-
pression and another has a fresh fuel charge in transit; the result is that
when the engine cools, the vapors of the fresh and compressed charge will
condense, fall on the piston heads, may gain admission past the piston rings
and ultimately find their way into the lubricating oil supply in the crankcase.
To keep your engine in perfect shape and to make easy starting, do not kill
the engine on the magneto but close off the fuel line supply to the carbureter.

34 —  Turn off oil on tracks if running.

35 — In freezing weather, DRAIN RADIATOR, CYLINDERS AND
PUMP. This is a very important matter. Your neglect to do this may
cause serious and costly damage. The water, if left in the cylinders, may
freeze and crack them open. It will have the same effect on the pump and
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CARE AND OPERATION

radiator columns and sections. When draining an engine, the operator
should revolve the flywheel several times by hand in order to allow the head
of water held by the centrifugal pump to be released. This is as important
as draining the radiator and cylinders.

Lubrication

36 —  Proper lubrication is the most important point that the tractor operator
must consider, because upon this factor depends the life and efficiency of the

tractor. IF LUBRICATING AGENTS OF THE PROPER GRADE ARE
NOT SELECTED FOR THE DIFFERENT REQUIREMENTS OF
THE TRACTOR, A HIGH STATE OF MECHANICAL AND COM-
MERCIAL EFFICIENCY CANNOT BE OBTAINED. THE HIGH-
EST REFINEMENT OF MANUFACTURING SKILL TO PRODUCE
ILONG LIFE IN THE FINISHED PRODUCT OF PARTS CAN BE
TOTALLY UNDONE IN THE USE AND SELECTION OF THE
WRONG LUBRICATING AGENTS.

Friction

37 —  Friction is a conversion of useful work into uscless heat accompanied by
wear. Friction can never be entirely eliminated in any mechanism, but by
the use of suitable lubricating agents it can be reduced to a minimum.

38 — A complete statement of friction is not within the province of this Care
& Operation Book, as it is a very large subject in itself. Friction is divided
into two general classes: starting (static) and moving (kinetic) friction,
and further divided into the friction of solids (external) and the friction of
liquids (internal). :

39 ——  Lubrication is the introduction of a smooth fluid or semi-fluid substance
such as oil or grease between two moving surfaces to prevent solid friction,
that is, to prevent the two metal surfaces from coming into direct metallic
contact. When moving parts are separated by a lubricant, friction then
takes place within the liquid stself (internal friction). The significance of
the part played by internal friction of the oil or lubricating agent is prob-
ably least understood by the tractor operator. It is the lack of understand-
ing of this subject that causes the tractor operator to select the wrong type
of cylinder oil and frequently the wrong lubricant for the transmission and
other bearings. A light-bodied cylinder oil has an internal friction value
different from that of a heavy-bodied cylinder oil. Cylinder oil that is right
for a water-cooled engine has an internal friction value different from that
of the oil suitable for an air-cooled engine, yet the latter is sometimes used
in a water-cooled engine. The operator of a “Caterpillar” Tractor, how-
ever, has at his disposal results of exhaustive tests of oils which have en-
abled him to have the right body, together with low internal friction value,
in “Caterpillar” Cylinder Oil.
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‘““CATERPILLAR’ 75 TRACTOR

The ideal condition of lubrication is to have a thin film of oil separating
the sliding surfaces and circulating through the bearing fast enough to carry
away the heat generated.

Requirements of the “Caterpillar” Tractor

The kinds of oil required in the various parts of the “Caterpillar” Trac-
tor are different. The oil that is used in the crankcase for cylinder iubrica-
tion must withstand high operating temperatures of the cylinders, and while
lubricating the crankshaft and crank pin bearings must stand very heavy
pressures under fairly high speeds; the oil used in the transmission must
stand very heavy pressures under low speeds in order not to squeeze out and
allow the teeth of the gears to come into metallic contact; the oil for the
magneto must be a light oil to lubricate the ball bearings properly; the grease
or “Gear Dope” for the bevel pinion and friction wheel must be of a charac-
ter that will adhere to the face of the teeth and not accumulate dirt rapidly;
the grease for the cups at the various parts must be a straight lubricating
agent containing oil only and must not contain a filler either of vegetable,
such as fiber or resin, or mineral, such as mica or graphite.

Care of Lubricating Oil

The first duty of a “Caterpillar” Engineer is to keep his supply of
lubricating oil and greases scrupulously clean. The least trace of dirt or grit
introduced into a bearing causes cutting of the surfaces and undue wear.
A valve grinding compound is all right in its proper place, but it is not a
lubricant in any sense of the word. Dirty oil and grease must be con-
sidered a grinding or cutting compound. An engineer should be sure that
all his containers into which he pours the oil are scrupulously clean and free
from dust or grit. The crankcase doors of the engine should always be
wiped clean with a rag or piece of waste saturated with distillate before re-
moving to fill the crankcase with a new supply of oil. Sleeves should be
brushed off so that no dirt will fall off from the clothing into the oil. All
wrenches and bars used in the crankcase of the engine must be rinsed with
distillate before working on the connecting rod or crankshaft bearings, thus
minimizing the possibility of putting dirt into the oil. Water circulation
should be effectively maintained at all times as scoring will result if the ex-
cess heat is not carried away. Cylinder oil is never intended to perform the
function of circulation water.

Care of Cup Grease

The operator must be careful never to allow the cup grease to get con-
taminated with dirt. The one great consideration in using cup grease is to
kecp the cup grease in the bearing and the dirt out. There are several
grades of cup grease on the market ranging from a very stiff fiber grease to
very soft bodied greases. A cup grease that is filled with fiber. anica or
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Lubricating Chart.

Fig. 1.
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CARE AND OPERATION

graphite is not recommended for use in any part of the “Caterpillar” Trac-
tor, for the reason that in time under the action of heat these mineral or
vegetable substances will be precipitated out and will clog the grease grooves
and prevent the effective distribution of the new grease. “Caterpillar” Cup
Grease has been especially developed for this tractor and its use in all grease
cups is recommended. Cup grease should not be carried in an open con-
tainer on the deck of the tractor. Keep cup grease covered.

Care of Transmission Oil

44 — The oil for the transmission must be a straight mineral oil of proper
body to withstand the squeezing pressure between the gear teeth, and still
thin enough to circulate between the bronze bushings and the shaft. See
cross-section view of transmission, Fig. 40. page 77. NEVER USE A
MIXTURE OF CUP GREASE AND CYLINDER OIL FOR THE
TRANSMISSION. NEVER USE A SOLID GREASE -IN THE
TRANSMISSION. NEVER USE GEAR DOPE IN THE TRANS-
-MISSION. USE A FLUID OIL ONLY. “Caterpillar” Transmission Qil
has been especially developed for transmissions of “Caterpillar” Tractors and
its use is recommended.

45 —  Wipe transmission cover clean so that dirt will not drop in transmission.
Drain oil from transmission at intervals of at least once in 60 days, fill case
with kerosene, run gears in neutral for fifteen minutes, drain, and fill with
fresh transmission oil.

46 — A full discussion of lubrication is contained in Service Bulletin ‘No. 7,
to which the reader is referred.

47 — Lubricating Chart
Part. LUBRICATION. How APpPLIED. How OFTEN.
Front wheel shaft....... Cylinder Oil ........ Reservoir ........... Fill twice a day.
Front wheel circle roll-

[ Cylinder Oil ........Oil can ............ Four times a day.
Steering segment ...... Cup grease ......... Paddle ............. Four times a day.
Radiator springs ....... Cylinder Oil ........ Qil can ............ Two times a day.

Fan shaft ............. Cup grease ......... 2 grease cups........ Three turns per hour.
Belt tightener .......... Cup grease ......... 1 grease cup ........ Four turns per hour.
Magneto shaft ......... Cup grease ......... 2 grease cups........ One turn every 2 hours.
Magneto .............. 3-in-1, Houschold
Lubricant ........ DROPPER ............ Sce par. 177 and 194,
Gear case gears........ Cup grease ......... Door in cover....... Keep gears well covered.
Crank case ............ Cylinder Oil ........0il pits ............ Continually.
Valve stems............ Y5 Cylinder Oil
14 Kerosene ........ Oil can ............ Four times a day.
Rocker arms .......... Cylinder QOil ........Oil can ............ Six times a day.
Centrifugal pump ...... Cup grease ... 2 grease cups........Two turns per hour.
Governor and lever.....Cylinder Oil . Oil can ....... ... Four times a day.
Mechanical oiler ...... Cylinder Oil ........Reservoir .......... Keepldropping continu-
ously.
Master clutch shifting
FINZ oeverreneiannaan Cylinder Oil ........Oil can ............. Twice per hour.

..Cylinder Oil . .Oil can ....... .... Four times a day.
..Cup grease ... ..1 grease cup Four turns per day.
Cylinder Qil ........0Oil can ............ Four times a (day.

Master clutch discs.
Master clutch ....
Milled clutch
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Parr. LUBRICATION. How APPLIED. How OFTEN.
Milled clutch cup.......Cup grease ......... 1 grease cup ........ One turn per hour.
Transmission .......... Transmission Oil....Transmission Case...Keep change speed gears

barely dipping.
Transmission bearings..Cup grease ......... 6 grease cups........Two turns per hour.
Bevel pinion ........... Gear Dope ......... Poured hot ........ Four times a day.
Friction sleeves ....... Cylinder Oil ........6 holes, Oil can..... Two times per hour.
Countershaft bearings..Cup grease ......... 3 grease cups....... Two turns per hour.
Friction slide .......... Cylinder Oil ........0Oil can ............ Four times a day.
Shifting ring .......... Cup grease ......... 2 grease cups........ Two turns per hour.
Idler roller ............ Cup grease ......... 1 grease cup.........Two turns per hour.
First motion chain ....Cylinder Oil ........Oil pans ........... Keepl dipping continu-
ously.
Flange journals ........Cup grease ......... 4 grease cups........ One turn every %4 hour.
Drive shaft boxes...... Cup grease ......... 4 grease cups........ [ wo turns twice an hour
Gudgeons .............. Cup grease ......... 8 grease cups........Two turns per hour.
Track carrier rollers...Cup grease ......... 4 grease cups........Two turns per hour.
Track ......ovivvvinnnn Black Oil .......... Reservoir valve...... Sufficient to keep space
block and pin lubri-
cated.
Tdler sprocket. Cup grease ......... 4 grease cups........ Two turns per hour.

The above recommendations, of course, are for guidance when the tractor
is new. After the tractor is broken in, of course the engineer will vary the
conditions to suit the different bearings.

CARE OF THE ENGINE

General Care

48 —  The engine must have the correct supply of clean Cylinder Oil at all

49 —

times. The mechanical oiler must be filled when required and operated to
give about two drops per stroke of pump. The water circulation must be
maintained effective at all times. The engine must operate at the speed indi-
' . . SN .

cated on the nameplate in order to secure effective distribution of the oil by
the dippers AF shown in Figs. 3 and 4. The bearings on the crankshaft
and connecting rods must be “kept up” at all times. NO WASTE OR
RAGS GIVING LINT MUST EVER BE USED IN THE CRANK-
CASE OF AN ENGINE, IT IS SURE TO CLOG THE OILING SYS-
TEM AND PUMP SCREEN AND DAMAGE WILL RESULT.

Wipe Crankcase Doors Clean Before Entering

The crankcase doors of the engine must always be wiped clean with a rag
or a piece of waste saturated with distillate, before removing to replenish the
oil supply or to examine bearings. The operator’s slecves should be brushed
off so that no dirt will fall from the clothing into the oil. All wrenches and
bars used in the crankcase of the engine must be rinsed with distillate before
working on the bearings, thus minimizing the possibilities of putting dirt in
the oil. KEEP THE OIL SUPPLY SCRUPULOUSLY CLEAN—IT
PAYS.
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CARE AND OPERATION

Lubrication

50 —  The lubrication of the “75” engine is the splash system with circulating

pump. The circulating oil pump is shown in Fig. 4 as BE. A mechanical
oiler is employed to deliver oil to the bottom of the pistons on the thrust side

(not shown on Figs. 3 or 4).
Adjustment of Oil Levels

51—  The oil level is adjusted by means of raising or lowering the overtlow

53 —

54 —

pipe Y, Fig. 3. The correct oil level is shown in Fig. 5.

Except under extreme conditions, the overflow pipes under each cylinder
should not be filled with oil, but should show the condition that exists in Fig.
5. An oil level that is too high is shown in Fig. 6.

Too high an oil level causes undue oil consumption and in addition
readily causes trouble by fouling the spark plugs and producing carbon in
the combustion chamber.

The oil level under each cylinder is independent of the others. From
the oil pit under each cylinder, the oil flows through the overflow pipe Y to
the tunnel on the bottom of the crankcase, and thence into the oil reservoir
AG, Fig. 3.

From the oil reservoir AG, the circulating pump BE, Fig. 4, forces the
oil to the sight feed distributor AT, Fig. 3, and thence by four distributing
pipes to the separate oil pits again, thus maintaining a, constant level condi-
tion which is taken care of by the overflow pipe. If waste, lint or pieces of
carbon clog the oil screen AD, Fig. 3, or the distributor pipes become
clogged, the oil level under one or more cylinders may get low and result
in damage to the piston and cylinder or bearings. The oil screen AD must
be kept clean of all obstruction.

Clean Oil Pump and Screen

The screen AD is placed over the oil pump inlet to prevent the entrance
" of material that would clog the circulating pump and distributor pipes.
Whenever the sight feed oiler AT does not show a continuous flow of oil
the screen AD should be examined and cleaned.

55 — To clean the oil screen AD, wipe the bottom of the oil reservoir AG

clean and free from dirt. Obtain a clean 5-gallon oil can, remove the
oil reservoir plate BF, drain and catch the oil that comes out of AG. This
will give direct access to the screen AD and cleaning can be effected. If
this adjustment has not entirely remedied the condition, it will be neces-
sary to remove the oil reservoir AG and disassemble the pump BE, Fig. 4.
This is accomplished by removing the taper pin in the spiral gear AH,
Fig. 4. Remove the cap screw on the pump BE, drop it away from the
bottom of the crankcase where it can be readily disassembled. In replac-
ing the pump, be sure that the cap screws are set up tight and that the
taper pin is replaced in the spiral gear AH firmly, and cotter pin put
back securely.
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‘‘CATERPILLAR’’ 75 TRACTOR

Fig. 5. Correct Oil Level.

Fig. 6. Oil Level Too High.

Fig. 42. Correct Oil Level for 75 Transmission.
(See paragraph 241, page 77.)
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CARE AND OPERATION

Examine the Oil Supply

56 —  The condition of the oil supply should be examined daily. This can
be accomplished when trying the bearings. \When the engine is in opera-
tion, the finely divided particles of carbon that are in the oil film on the
cylinder walls have an opportunity to work back into the crankcase oil
supply. Leaky piston rings or over-rich mixtures may result in fuel
particles finding their way into the crankcase oil. In addition, the oil
splashing against the hot underside of the piston will char and after a
while build up an accumulation of carbon. Contraction and expansion
will loosen particles of this material and they drop into the oil level.
There is no oil that will not char under the piston head and this point
must be watched.

587 —  The hand should be put into the oil level to feel the condition of the
oil. The oil should feel “velvety” and should not contain any grit in
the bottom of the crankcase. If the oil feels harsh and if a “sludge” is
present in the bottom of the oil pit, the crankcase should be drained and
washed with kerosene and new oil put in. See paragraph 58 for correct
method of washing crankcase. The oil that is drained from the engine can
he caught, allowed to settle and used to good advantage on the first motion
chains. Never replace used oil in a crankcase.

Wash the Crankcase of the Engine

58 — On the magneto side of the engine and opposite each oil pit a drain
plug is provided. Drain plugs are also provided in the oil reservoir
AG. Remove the drain plugs, catch the oil. Because of the oil tun-
nel on the bottom of the crankcase, the removal of the final quantity
must be effected by hand. Remove plate BF on bottom of oil reservoir
AG, Fig. 4, and clean bottom of oil reservoir by hand. Replace BF,
replace plugs in crankcase, fill each compartment with kerosene till oil
level is reached. Pour an extra gallon in one compartment so that the
oil reservoir AG will receive enough so that the oil pump BE will pump
the kerosene and clean out the supply line and the distributer pipes from
the sight feed AT. Replace crankcase doors and start the engine, ALLOW
IT TO RUN FOR TEN SECONDS, being careful never to exceed this
time. Remove plugs in crankcase and oil reservoir, drain off kerosene,
allow engine to stand for a while, then wipe oil pits clean with a cloth
that does not give off lint. AFTER WASHING CRANKCASE, FILL
WITH CLEAN CYLINDER OIL. Time devoted to kecping the oil
clean and washing the crankcase when required pays big dividends in
freedom from bearing trouble and loss of time due to impaired lubrication.

59 — CAUTION. Never use distillate to wash the crankcase; kerosene is the
proper agent.
60 — A full discussion of Lubrication is contained in Service Bulletin No: 7.
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Bearings

61 —  The bearings of an engine should be tested when the engine is hot.
The operating temperature has then expanded the various parts and the
oil film is thinned to the condition under which it has to work. A bearing
tested when the engine is cold can have a good deal of play taken up by the
thickened oil film and an accurate determination cannot be made.

All bearings in a “Caterpillar” engine are made from armature metal made
to specification.

62 —  Wipe crankcase doors clean before removing, rinse the bar with which
the bearings are to be tried with distillate. Don’t deliberately put dirt in the
crankcase by carcless methods.

To Determine a Loose Crankshaft Bearing

63 — Insert a heavy pinch bar under the crankshaft close to the bearing
to be tried, and, using the crankcase as a fulcrum, try to move the
crankshaft vertically in its bearing by prying. One hand should be on the
bearing to detect motion, while using the other to operate the bar. The
least movement in the bearing can be felt. Sometimes the movement is
so great that it can be seen. The time to prevent any damage and make
the bearing adjustment is when the movement can be felt only. Progres-
sively bad 1is when the movement in the bearing can be seen, and the worst
condition of all is when the movement can be heard as a knock.

To Determine a Loose Crank Pin Bearing

64 —  The crankpin bearing in agricultural practice is commonly called the
connecting rod bearing. To determine any looseness, turn the engine
over with the fly wheel till the crankpins of Nos. 1 and 4 connecting rods
are close to the crankcase door.. Place the bar under the bearing, using
the crankcase as a fulcrum. One hand should be partly on the web of
the crankshaft and partly on the crankpin bearing. There should be abso-
lutely no wertical movement. Repeat for Nos. 2 and 3. This bearing
should be able to move sideways, however, the thickness of a crankpin
bearing shim, .012 (twelve thousandths) of an inch. 1If the side play is
greater than this the bearing should he rebabbitted.

To Determine a Loose Wrist Pin Bearing

65 —  The wrist pin bearing, also called the piston pin bearing, is a brouze
bushing open on one side that fits over the piston pin and is clamped
inside the cap that fits over the upper end of the connecting rod. The
bronze bushing C 12, in Fig. 7, is prevented from turning by the shim,
M2137, that fits in the open side of the bronze bushing. The upper
end of the connecting rod assembly can move sideways on the piston pin
about 14 inch. If the crank end of the connecting rod bearing is prop-
erly cared for, there will be but little trouble with the wrist pin bearing.
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CARE AND OPERATION

Fig. 7 shows a connecting rod assembly for the “75” engine.

Fig. 7. Connecting Rod Assembly for the ‘‘75’" Engine.

To determine if there is any looseness in the wrist pin bearing, two
methods can be used.

First method: Revolve the crankshaft by the fly wheel until the de-
sired piston is at its greatest down position. With a light bar get a
“purchase” on the camshaft and under the piston. With one hand on
the connecting rod and a thumb extending to the piston, any movement
can be felt. Do wnot confusc the wrist pin bearing with the crank pin
bearing looseness.

Second method: The best way, however, to determine looseness in
the wrist pin bearing is to remove the pistons and connecting rods from
the cylinder, wash the underside of the piston with kerosene, set piston
on head and attempt to rock the conmecting rod sideways.

If it is necessary to take up wear in the wrist pin bearing, remove
the wrist pin, M 1163, from the piston. Remove the cap on the connect-
ing rod and remove shims on both sides until the desired amount of play
is taken up. In this wrist pin adjustment, as with the others, extreme
care should be taken that the bearing is not too tight.

If much adjustment is required on the wrist pin bushing, it will be
necessary to ream it before a perfect fit on the piston pin can be secured,
because of the fact that the bushing is open on onc side only. 1f the oil
supply has been kept clean from grit and dirt and care taken in keeping
the lower connecting rod bearing in adjustment, there will be but very
little need for making a wrist pin adjustment.

Removal of Shims or Liners

The standard thickness of a shim or liner in the “Caterpillar” engine
is .012 (twelve thousandths) of an inch, or approximately three times
the thickness of the paper that this Care and Operation Book is printed
on.  When a bearing is loose and requires the removal of a shim to take
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up the wear, do not remove one shim from one side of the bearing only,
but a shim from each side of the bearing. If a shim is removed from each
side of a bearing, the adjustment of the wearing surfaces of the babbitt
bearing and the shaft is not altered.

71 —  Most connecting rod bearings contain one thin shim .005 (five thou-
sandths) of an inch for close adjustment. When wear occurs and this
shim has to be removed, preserve it for future adjustment. In the re-
moval of a standard shim, twelve thousandths of an inch thick, the dis-
tance may prove too great. In this case, cut a couple of shims from a
good grade of wrapping paper and, together with the five thousandths
shim, a good adjustment can be secured.

Dirt Causes Most Beafing Trouble

72 —  If the lower connecting rod or crank pin bearings and the crankshaft
bearings require frequent adjustment, it indicates that some cutting com-
pound 1is at work and is a direct indictment against the engineer for
the lack of correct care of his crankcase oil supply. It indicates one of
two things: Either that some cutting compound is at work, such as grit
and dirt in the oil, or that the oil is of poor body. The oil may have been
good quality at first, but thinned by the entrance of fuel past the piston rings.
ALWAYS WIPE CRANKCASE DOORS CLEAN BEFORE ENTER-
ING CRANKCASE. BE SURE THAT TOOLS USED ON THE
BEARINGS ARE SCRUPULOUSLY CLEAN.

What is a Knock

73 —  Bearing surfaces at working temperature should be separated by only
such space as is sufficient to contain the necessary oil film. The oil film
then absorbs the movement smoothly and keeps the metallic surfaces
apart. If the bearing is loose, however, the force of the movement is so
great that the oil film is broken through and metallic contact of the parts
ensues. A knock will develop rapidly and will result in the failure of the
bearing, and produces shock and vibration in the parts affected.

Crystallization or Fatigue

74 — Iron or steel which has repeatedly been overstrained by shocks, such
as are produced by knocks, becomes brittle and breaks with an appar-
ently crystalline fracture. The part is then said to have become crystallized.
A knock in the bearing produces shock and vibration on the web or bear-
ings of the crankshaft. A break from crystallization has a very smooth.
glass-like surface, while a direct failure of the metal from a defect will show
a sharp, rough surface. WATCH BEARINGS SO THAT KNOCKS
WILL NEVER BE PRODUCED.
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Crankshaft

75 —  The crankshaft is made of a special grade of alloy steel, drop forged,
heat treated, and contains five bearings, with all bearings ground accurately
to size. The end of the crankshaft over which the large flywheel fits con-
tains a case-hardened sleeve on which the universal bushing E 2069, shown
in Figs. 37 and 38, page 73, works.

Crankshaft Bearings

76 —  The crankshaft is supported by five bearings. The bearing at the
end of the crankcase next to the large flywheel is called the flywheel
end crankshaft bearing, while the bearing on the other end of the crank-
case is called the gear case end crankshaft bearing. The three bearings
between the two outside bearings are termed the middle bearings. In the
Price List of Parts the bottom half is called the bearing and the top half
is called the bearing cap. The cap for the flywheel and gear case end in
addition has a plate cast on to completely cover the area of the crankcase
required to insert the crankshaft through; consequently, these two are
called flywheel cap and end plate and gear end cap and end plate. All
crankshaft bearings are babbitted with Armature Metal made to speci-
fications.

Bedding the Crankshaft

77 —  If the crankshaft bearings have been rebabbitted, or if it has been
necessary to true up the crankshaft and it is necessary to scrape in
the bearings in the field, proceed as follows: Insert the bottom half of
the flywheel and gear case end bearings and the bearing in the middle
of the crankcase. Blue the crankshaft with a thin film of Prussian Blue
or Lampblack (these colors can be obtained in collapsible tubes from any
hardware store) and rotate the crankshaft in the bearings. The high spots
on the bearings will have a deposit of color left on them. Remove the
bearings and scrape with a large babbitt scraper to remove the high spots.
After these three bearings have been fairly well scraped into line, insert
the two remaining bottom halves of middle bearings, blue shaft and repeat
the spotting and scraping until all the bottom bearings are in line and
show nearly solid color when the crankshaft is rotated. This bedding
operation has to be accurately done, as all the strains are transmitted to
the bottom bearing, and if one bearing is lower than another it will put
a weave and strain on the crankshaft, which will start crystallization and
ultimately result in a broken crankshaft.

Fitting Caps to Bearings

78 —  After the bottom bearings have been fitted, put the bearing bolts into
place. Blue the crankshaft, insert 7 to 9 shims on each side of the
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bearings and fit cach cap scparately. Scrape the cap as outlined above
until the bearing surface throughout shows practically a solid color. Slack
off the bearing cap when fitted and proceed to the next cap. Slack off
the caps as they are fitted so that determination can be made by revolv-
ing the crankshaft for the particular cap that is being worked on if the
fit is too snug. When the bearing caps are all in line, with the high spots
removed, the final fit is then a matter of inserting shims. Always be sure
to have an equal number of shims on each side of a bearing. The opera-
tion of fitting the bearing by color is termed “spotting the crankshaft.”

Relieve Sides of Bearings

Babbitt on the sides of both the bearing and the cap where the shims
meet should be ‘“relieved,” that is, scraped away, so that when the bear-
ing is bolted tightly into place it will not pinch the shaft, at the edge
where the two bearings meet. The shims should not project far enough in
the bearing to rub on the crankshaft. These precautions must be taken
on the connecting rod bearings as well.

Fitting Connecting Rod Bearings

Remove the spark plug in the cylinder to release compression, blue
the crankshaft with a thin film of color, insert piston in the cylinder,
mount the upper half of the connecting rod bearing on the crank pin, re-
volve crankshaft. \When the upper half has been accurately spotted and
scraped. place an equal number of shims on each side of the bearing and
bring the lower half of the bearing into place by tightening on the con-
necting rod nuts, and fit cap by spotting and scraping.

NOTE.—One stdel 02f gazh connecting rod and cap contains the same figure on the upper
and lower half, as I. 5. 3, ;. Always have these same numbers on the same side.as the lower

part of the bearing will match in the way that it was sawed from the original drop forging,
and the connecting rod bolt holes will always line up. When one connecting rod bearing has
been satisfactorily scraped in and bolted to the final fit, slack off on the connecting rod bolts
and proceed to the mext connecting rod. It is not pos.ﬂble to scrape a connecting rod bearing
properly without having the piston in the cylinder, as the bearing must be scraped so that
the piston will be square in cylinder. When bearings are sent to the factory for rebabbitting,
they are reamed approximately to size, thus obviating the necessity of any great amount of
scraping.

To Make a Babbitt Scraper

81 —  The best scraper for crankshaft and connecting rod bearings can be

made out of a large mill file which has been hollow ground on one side,
one edge brought to a straight edge and a small hollow grinding placed
on the thin edge to make a rapid cutting tool. A file is made of very hard
material and the grinding is a little difficult, but nearly every machinist is
familiar with this type of babbitt scraper and can make one.

In using the scraper on the bearing, take a light, firm cut from one
side of the bearing to the other.
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To Test for Loose Bearings

82 —  Refer to paragraphs 63 and 64 for the correct method of determin-
ing loose bearings on the crankshaft. If it is not possible to maintain
an adjustment on a connecting rod or crankshaft bearing, it indicates
that there is grit present in the oil which is wearing down the babbitt sur-
face rapidly, or else that the crankshaft is out of round due to allowing
bearings to pound and knock.

Knocks

83 —  Every engine has a certain characteristic noise of operation with which
the operator in time becomes familiar, and he can detect immediately
if anything is wrong with the engine by the odd noise that it makes.
Any noise that is not common to the engine is spoken of as a knock, and
may be due to several causes. Knocks can be divided roughly into the
following classifications:

1. Bearings being loose.
2. To magneto being timed too early.

3. Combustion chamber full of carbon, giving pre-ignition, irrespec-
tive of correct timing of magneto.

4. Knocks or “pinging” which occur only when engine is on hard
spots or up against sudden overloads and cease when normal load condi-
tions prevail.

The following brief discussion is presented to aid the operator in de-
termining and remedying some of the above classifications of knocks-

84 — 1. Bearing surfaces should be separated only by such a space as
is sufficient to contain the necessary oil film to cushion and absorb the
power stroke, thus giving a smooth operating engine. When the engine
leaves the factory this space is properly adjusted on crankshaft and con-
necting rod bearings, but in due course of time the softer metals which
constitute the surface of the bearing become bedded down, and when re-
versals in pressure occur as the engine is operated, together with a slight
amount of grit or dirt that may come from carbon in the oil or from the
introduction of foreign material into the crankcase by the operator, the
babbitt will be worn away and the bearings and the shaft are likely to be
separated by a distance so great that the oil film cannot absorb the shock
without being broken. A knock occurs when the distance that the shaft
can move i a bearing is so great that the force applied through the dis-
tance traveled will break through the oil film and allow wmetal-to-metal
contact of the babbitted bearing and the steel crankshaft instead of the
oil film cushioning and absorbing the blows. Small hammering blows or
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knocks will result, and these will damage a bearing and a crankshaft far
more rapidly than any amount of continuous and direct pressure. A BAB-
BITTED BEARING WILL STAND ALMOST ANY AMOUNT OF
SQUEEZING, BUT THE MOMENT THAT A KNOCK OCCURS
IT COMMENCES TO FAIL IN PERFORMING ITS FUNCTION.
A KNOCK DEVELOPS EXTREMELY RAPIDLY, CAUSING A
FAILURE OF THE BEARING.

85 — 2. If the magneto is timed too early, or if the spark is advanced
too far, the compressed charge will be ignited at such a point ahead of
the travel of the piston towards the top center that the force will be down-
ward on the connecting rod ahead of the time when it should be, thus pro-
ducing a knock even though the bearings throughout are tight. This knock
has a very characteristic sound.

If the knock occurs when the magneto is correctly timed, it indicates
that the spark has been advanced too far. To remedy this knock, retard
the spark to the point where the knock does not occur. The correct point
for the magneto to fire is as follows: The piston on top center, circuit
breaker full retarded, the points in the circuit breaker should just com-
mence to separate. If any of these conditions varies, the adjustment
should be made. See paragraph 180, page 51, for a complete discussion
of timing the magneto.

If the knock is due to the magneto being timed too early, the mag-
neto will have to be retimed.

86 — 3. If the combustion chamber is full of carbon, the heat of com-
bustion will make projecting particles of the carbon glow, and when the
incoming gases have been admitted and compression begins, the mixture
will ignite by the heat of compression and the glowing particles of carbon
ahead of the time when the magncto would normally ignite the charge if
correctly timed, thus producing a severe knock. The remedy, of course,
is to clean the combustion chamber of carbon. This may be satisfactorily
accomplished by removing the cylinder head and scraping.

87 — 4. An engine may pull its load as in plowing without any knocks
or “pinging”, but when it reaches a certain hard spot in the field it may
“ping” and possibly lose power till the point is passed. This indicates that
for normal work the carbureter setting is correct, but that for the peak
load there is not enough fuel in the mixture to give the engine the proper
power when on the hard pull. This pinging noise or knock can be reme-
died by giving the carbureter more fuel. It may not be possible to set
the engine so that pinging will not occur on the hard spots without having
the mixture over-rich for the balance of the work. If this condition occurs
the operator, of course, will have to use his judgment in the best setting
of the carbureter.
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Other Knocks

88 — The knocks enumerated above can occur without the engine over-
heating, unless operated for a long time continuously with the condition
existing. There are other types of knocks that exist in an engine when
overheating condition occurs, to which knocks are incident in operation.
For instance, the camshaft can be out of time by either being set early or
late and the valve rods can operate improperly by causing the valve to
open or close incorrectly. Of course, the remedy for all these tvpes of
knocks is to remove the source that is causing the engine to overheat, and
is taken up in detail in paragraph 224, page 66, and in Service Bulletin No. 8.

What Damage Does a Knock Do?

89 — A knock in the bearing puts undue strains on the crankshaft and sets up
shock and vibration. Vibration in the crankshaft produces crystallization.
and the crankshaft will ultimately break.

Remedy Knocks Immediately

90 — A babbitted bearing will stand any amount of direct and continuous
pressure without failing as long as lubrication occurs. When knocks
exist, however, the trouble will develop rapidly and failure of the bear-
ing will result. Remedy all knocks when they are first detected.

Running With One or More Cylinders ‘“Missing”

91 —  Scvere punishment is given the crankshaft whenever an operator drives
the engine for any length of time with one or more cylinders “missing.”
This causes the engine to run out of balance and sets up a great num-
ber of vibrations in the crankshaft, which does extreme damage to bear-
ings and overstrains the crankshaft, tending to produce crystallization.
In addition, running with one or more cylinders “missing” allows the oil
film on the cylinder wall to be thinned by the fuel particles, and these fuel
particles will ultimately find their way into the crankcase, thinning the
crankcase oil supply and doing a great deal of injury to the lubricating oil.
The most damage, however, is done to the crankshaft, and the condition
should be remedied immediately.

Cylinders

92 —  The cylinders are made of close-grained cast iron, from a special mix-
ture. The top and bottom of the cylinder are machined at one opera-
tion, thus making these parts absolutely parallel. The cylinder is then
reamed and finished by grinding to a smooth surface. The ground sur-
face of the finished cylinder is not allowed to vary more than .001 (one
thousandth) of an inch from a standard diameter.
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Water Jackets

93 —  The water jackets of the cylinders must be kept free from accumu-
lation of sediment and scale at all times, in order not to impede the trans-
fer of heat to the circulating water. In some localities it may be neces-
sary to use water from sloughs or open ditches for a while, but the
operator should keep a close watch, and, if sediment accumulates, the water
jackets should be cleaned out. Each cylinder contains a drain plug on the
magneto side of the engine, which plug can be removed and a partial ex-
amination made of the water jacket. The best way to examine a water
jacket is to insert a small iron rod through the circulation ports at the
top of the cylinder when the cylinder heads are removed, and scrape around
the bottom of the water jacket. If sediment or scale is present, the cyl-
inder should be removed from the crankcasc and the water jacket thor-
oughly scraped and flushed out. 1f scale is present the circulation system
should be treated with common washing soda, as outlined in paragraph
225, page 68. Before replacing the cylinder examine the water intake
passage at the bottom of the cylinder and scrape clean of any scale or
rust. Be sure in replacing cylinder that the rubber gasket that makes a
water-tight connection between the crankcase and the cvlinder is in per-
fect condition and has not slipped when placing the cylinder on the crank-
case. Observation has shown that operators do not give sufficient attention
to sediment in the water jackets and the accurate placing of the rubber gasket.
Fig. 8 shows a cut-away view of the cylinder and cylinder head and water jack-
ets. This illustration does not show the drain plug at the bottom of the water
jacket.

Keep Dirt Out of Cylinders

94 — A dry-air cleaning device is standard equipment with all “Caterpillar”
Tractors and must be used at all times. The dry air cleaner is used between the
hot air stove and the air intake of the carbureter. This dry air cleaner does
not employ moisture in any form, but depends upon air velocities which are set
up within the cleaner by passing the air through in a certain direction and cen-
trifugal force throwing the dust to the container walls to clean the air before
passing it into the carbureter and combustion chamber.

95 —  Field or road dust gaining admission to the combustion chamber wears the
cylinder out of round. and produces extreme wear on the piston and piston
rings. The dirt that comes into the combustion chamber through the carbureter
becomes imbedded in part in the oil film and makes a very fast cutting agent.
Field and road dust, together with iron particles that have been worn off the
cylinder walls and piston rings, is confused as part of carbon. See Service
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Bulletin No. 6, page 8, which shows
the field and road dust and ferric
oxide content in the analysis of four
typical cases of carbon trouble in
which the dry air cleaner was not
used.

96 — A glass jar is placed at the bot-
tom of the dry air cleaner so that the
operator can watch the accumulation
of dirt. When nearly full the jar
should be emptied.

CAUTION—DO NOT EMPTY
JAR WHEN ENGINE IS RUN-
NING. DO NOT FILL DRY AIR
CLEANER JAR WITH WATER.

Keep Cylinders Tight
on Crankcase

97 —  The cylinders must be kept se-
curely bolted to the crankcase. The
fit of the bottom of the cylinder on the
crankcase should be square and no oil
should leak at the joint where cylinder
and crankcase meet. If oil leaks be-
tween cylinder and crankcase, remove
cylinder, clean top of crankcase, cut a
gasket out of heavy wrapping paper,
shellac top of crankcase, apply gasket,
shellac the gasket, allow to get fairly
dry, and then put cylinder in place
and bolt down.

Cylinder Head Gasket
Must Not Leak Water

98 —  The joint between the cylinder anl
the cylinder head is made water-tight
by using a copper-asbestos cylinder Fig. 8
head gasket. If the cylinder head has
not been bolted evenly and tightly into
place, the cylinder head gasket may
leak water into the cylinder, or the water may leak on the outside of the
engine. To determine if gasket is leaking due to cyvlinder head being
improperly bolted dozwwn, proceed as follows: Slack off the nuts on
the cylinder studs a few turns, seat cylinder head on gasket by

Cut-away view of cylinder, cylinder
heads and water jacket.
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99 —
cylinder. This is readily determined by the presence of free water in
the exhaust. A supply of water such as given by a leaky cylinder head
gasket may cause the exhaust valve to warp badly or pit deeply in one
place; in addition, water running down inside the cylinder wall may act
on the lubrication film, and scoring of the piston and cylinder may resuit.

100 —

fications:

101 —
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using a large hammer and a block of wood on cylinder head to cushion
blows, then commence to bring cylinder head into place with the nuts on
the cylinder studs by giving cach nut in rotation around the cylinder head
the same amount of turn until firmly bolted down. If the cylinder head
gasket still leaks, remove cylinder head and remove cylinder head gasket.
Dry the top edge of the cylinder and both sides of the cylinder head gasket
and shellac and bolt into place. This practice is not to be recommended, but
to be used only in case of an emergency repair. If a cylinder head gasket
has been used and leaks after being removed, it is better to put a new one
in its place.

Do not operate an engine when a cylinder head gasket leaks into the

Scoring of Cylinders and Pistons

Scoring of cylinders and pistons can be divided into three general classi-

Ist. Lack of efficient lubrication.

2nd. Failure of circulation system.

3rd. Mechanical causes.

These classifications in turn can be divided into:

Ist. Scoring of cylinder and piston due to lack of efficient lubrication

can be divided into:

a. Poor-bodied oil—oil not suited for engine. If oil is too thin,
the oil film on the cylinder wall will be destroyed by heat of explo-
sion. Too heavy oil—if piston rings are a good fit and cylinder is
not worn out of round, too heavy an oil will not reach top piston ring
and piston head in sufficient quantity to prevent scoring.

-b. Oil level too loww. Operator may not have put sufficient oil
supply into oil reservoir. Rotary pump or screen clogged. Distribu-
tor pipe to particular oil pit under cylinder from sight feed may be
clogged. Overflow pipes improperly adjusted. Shims removed from
connecting rod bearing without readjusting oil level so that dippers
on end of connecting rod dip into oil level 14 of an inch.

c. Dirty oil. Oil may be fouled with carbon and grit, or by en-
trance of fuel particles to crankcase oil supply. Crankcase should be
drained and washed out with kerosene at such time as daily exami-
nation by hand of condition of oil in bottom of crankcase indicates
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presence of dirt and grit. Fuel particles gaining admission past poorly-
fitting piston rings or running engine continuously with one or more
cylinders ‘“missing” will break down the oil body. See paragraph
58, page 14, for correct method of washing crankcase.

d. Running engine below 550 rcvolutions per minute. Cylinders,
pistons, camshaft and crankshaft bearings depend upon the splash pro-
duced by the dippers on the end of the connecting rod throwing the
oil to lubricate the parts. If engine is operated a great deal below
correct speed, oil will not be splashed properly to reach parts intended.

102 — 2nd. Scoring of cylinders and pistons due to failure of circulation may
be divided into:

a. Pump and fan belt slipping. Belt improperly laced to be de-
pendable in operation. Presence of oil or water on belt, causing it to
slip. Belt may be too long so that idler will not take up sufficient
slack. The centrifugal pump has to be positively driven at all times
to circulate the water and keep temperature of cylinders at point of
safety.

b. Brass glands on pump may admit air to pump. Packing inside
of glands may be worn out and require replacing to exclude air.

c. Pump shaft may have end play, or bushings worn out, thus

_ interfering with circulation.

d. Circulation may be impeded. Rubber particles may become
disengaged from hose connections. Gaskets where crankcase ‘inlet
water manifold joins bottom of inlet to water jacket in cylinders may
be improperly placed. Water jackets may contain large deposit of
sediment due to using dirty water. Scale may be present in water
jackets and radiator tubes.

e. Engine below speed. 1f engine is operated much below 500
revolutions per minute under load, the pump may not be driven fast
enough to circulate water sufficiently to remove heat generated.

103— 3rd. Mechanical causes of scoring can be divided into:

a. Particles of carbon becoming disengaged from the side of a
stuck piston ring. Piston ring stuck with carbon.

b. Piston ring breaking at lap, due to improper fitting of ring
and lack of provision for expansion. See paragraph 120, page 33, for
correct fitting of piston ring. Broken lap will work under piston ring
and produce undue pressure of part of ring against cylinder wall in
one spot.

c. Wrist pin getting loose on its seat. Operator may have been
careless in getting wrist pin set screw properly seated. Set screw may
shear and score cylinder.

d. Valve grinding compound may find its way into cylinder, due
to improper cleaning of cylinder head after grinding valves.
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e. Forcing wrist pin to seat, distorting shape of piston.

f. Idling engine under full load carbureter adjustment too long
a time. If engine is to be idling for a long time, needle valve should
be adjusted for low speed.

Reboring Cylinders

f cylinders have been scored or worn out of round, they may be

rebored and a new set of oversize pistons fitted if the final diameter re-
quired to clean cylinders up is within the outside limit set by the factory
for reboring.

It is not good practice to rebore only one cylinder and use this one

the three remaining ones, as it will put the engine out of balance
put a severe strain on the crankshaft. If reboring is required, send

all four cylinders to the factory, together with the wrist pins and the con-
necting rods. 1If wrist pins are fitted to the pistons in the field, the piston

be knocked out of round by forcing the wrist pin to it$ final seat.

When the connecting rods are returned with the cylinders and wrist pins,
the wrist pin bearing can be fitted accurately if it requires adjusting.

Instructions for Assembling Rebored Cylinders

104 — 1

105 —
with
and
may

106 —

L.

After assembling pistons on wrist pins and connecting rods, test
them for alignment by holding a steel square on top of crankcase
with one edge of square against piston “skirt.” These should be
a clearance of about .006 (six thousandths) of an inch between
the square and piston “head” edge when the square is touching the
“skirt” edge. When pistons are seriously out of line. they must be
straightened. This usually can be done by scraping babbitt in crank-
pin bearing. Always try lower connecting rod bearing bolted down,
so that bearing will float sideways on crank pin when piston is in
cylinder. THIS IS IMPORTANT.

2. Whenever it is necessary to assemble pistons to connecting

rods-in the field, great care should be taken not to distort pistons
while driving in wrist pins and while tightening set screws. \Wrist
pins should be a snug fit, but it should be possible with a very light
drive to set it in position.

Inspect pistons very carefully (outside and inside) to make
sure that they are absolutely clean. It is equally important that cyl-
inders, cylinder heads and gas passages be absolutely clean. \When
cylinders have been installed and cleaned, remove piston rings from
piston (keeping in mind the proper order in which to return them)
and wash thoroughly in kerosene and wipe with a clean cloth. \Wash
rings in kerosene and wipe with cloth. IT IS IMPORTANT NOT
TO BUILD ANY DIRT INTO ENGINE WHEN A REBORED
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JOB HAS TO BE ASSEMBLED IN THE FIELD. Wash cylin-
der with kerosene, wipe dry.

4. Just before slipping pistons into cylinders, put a generous
supply of clean oil over sides of piston and over piston rings.

5. START ENGINE WITH NO LOAD, AND RUN LIGHT
FOR AT LEAST THREE HOURS. Load can gradually be ap-
plied, but “feel” temperatures of cylinders occasionally. If one cyl-
inder shows a tendency to heat more than others, make sure of oil
level and “run engine in” a little longer at no load, increasinig load
as heating decreases. UNDER NO CIRCUMSTANCES SHOULD
A HEAVY LOAD BE PUT ON ENGINE IMMEDIATELY
AFTER ASSEMBLING, WITHOUT THE ABOVE CAREFUL
“RUNNING IN” OF THE ENGINE.

Pistons

107 —  The piston, together with its attached piston rings, is one of the most
important members of the internal combustion engine, for upon the proper
working of these parts depends to a greater or less degree the power devel-
oped by the engine, as well as its successful operation.

108 —  The piston must maintain gas tightness in the cylinder to perform the
functions of:

a. Drawing in of the fuel vapor.
b. Compressing the charge.

c. Transferring with as little loss as possible the pressure of the ex-
panding gases.
d. Exhausting the burned gases.

When an internal combustion engine is in operation, it is estimated
that the temperature of the ignited and compressed fuel vapors during the
first part of the stroke is about 2700 degrees Fahrenheit. The head of the
piston is directly exposed to this temperature for a small fraction of time
every second revolution, and a part of the heat given to the piston head
is gradually transferred to the piston skirt. The rest of the heat is trans-
ferred to the cylinder walls and thence to the water jackets, and part is
exhausted through the exhaust valve. The temperature of the piston skirt
increases about 300 degrees above normal temperature under work. Due
to this increase of temperature and the expansion attendant on it, other
means are devised to have the piston maintain gas tightness in the cylinders.

Shape of Pistons

109 — The piston itself cannot be made an absolute fit in the cylinder because
provision has to be made to take care of the expansion under the high oper-
ating temperatures to which it is subjected.
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The expansion of the piston is taken care of in two ways:

a. The piston is tapered from the bottom of the third ring to the top
of the piston.

b. The body of the piston or “skirt” is made a certain amount smaller
than the cylinder it works in.

Fig. 9 shows the shape and taper of the plston Fig. 10 shows a cross-
section of the piston.
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Fig. 9. Shape of Piston. Fig. 10. Cross-section of Piston.

The sides of the piston body or skirt are parallel. When the working
temperatures expand the piston, it finally fits the cylinder with a sliding -
fit. The film of lubricating oil occupies the clearances between the piston
and cylinder wall, and is the final seal to retain compression.

Oil Grooves

110 — At the bottom of the third piston ring slot and on the bottom of the
piston skirt, oil grooves are cut to carry the lubrication oil up the
cylinder walls and to the piston rings. Always keep these oil grooves
clean and free from accumulation of carbon.

Wrist Pin Hole

111 —  The wrist pin hole is bored at right angles to the axis of the piston
through two bosses. The hole in the boss that carries the wrist pin

set screw is reamed to 23§ inches, while the hole in the other boss is
reamed to 2 13-32 inches.
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Wrist Pin

112 —  The wrist pin is made of steel and is case hardened. The end of the

wrist pin that carries the hole for the wrist pin set screw is smaller
than the blank end and must be inserted through the hole in the piston
opposite the boss carrying the wrist pin set screw when but one set screw
is used. In fitting new pistons to wrist pins there is always a chance that
the operator in the field may get the piston out of round by forcing the
wrist pin in the piston. For this reason it is always advisable to return
the connecting rods and wrist pins to the factory when new pistons are
to be fitted. '

Fitting the Wrist Pin

113 —  The wrist pin should seat with a tapping fit. Use a lead hammer

114 —

and a hardwood block in seating the wrist pin. Do not strike hard
blowws on the wrist pin. It is possible to knock the piston out of round
several thousandths of an inch if the wrist pin is forced.

Wrist Pin Set Screw

The wrist pin is held in position by one wrist pin set screw. This
allows the expansion of the case-hardened steel wrist pin to occur with-
out carrying the piston out of round, as but one end is anchored. The wrist
pin set screw should be kept tightly and accurately in its position.

Piston Ring Slots

115 —  Piston ring slots are accurately cut at right angles to the axis of the
, piston and are not allowed to vary more than .001 (one thousandth) of

an inch in width. A file must never be used on the piston ring slots to
secure the fit of piston rings. Do all work on the piston rings. See para-
graphs 120-126, pages 33 and 34, for cleaning slot and fitting piston rings.

116 —  Great care should be exercised so that loose piston rings are not al-

lowed to wear the square faces of the piston slot to a bevel. If these
square edges are worn to a bevel, it will be impossible to prevent the pas-
sage of gases above, behind and below the piston ring and the edges of the
slot. When the piston ring is inserted on the piston, it should be free to
move horizontally in the slot, but the vertical movement should not be
much greater than .001 (one thousandths) of an inch. \When the piston
ring expands, it will just about close this clearance in the piston ring slot
and prevent the gas from passing behind and around the piston ring. This
point is as important as the fit of the piston ring against the cvlinder wall.

Fig. 11 shows the square edges of the piston ring slots. Fig. 12 shows
the square edges of piston ring slots worn to a bevel by piston rings that
had too much vertical play.
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—

Fig. 11, showing square edges of _Fig. 12, showing square edges of
piston ring slots. Operator must never piston ring slots worn to a bevel by
allow the square edges to become bev- . piston rings that had too much vertical
eled by loosely fitting piston rings play.

117 —  Fig. 12 shows the square edges of the piston ring slots worn to a

bevel by poorly fitting piston rings. If these square edges are worn to
a bevel, it will be impossible to prevent the passage of gases above and
below the piston ring and the edges of the slot because the lubricating oil
cannot form an effective seal when there is much vertical movement of.the
piston ring in the slot. The dry air cleaning device that is used in con-
Junction with the carburcter should be kept in operation at all times, as it
“excludes from the engine the dirt that normally would gain access to the
combustion chamber and produce wear on the piston ring slots, in addi-
tion to the wear that would occur from a loosely fitted piston ring.

Removing the Piston

118 —  When it is desired to remove the piston for the purpose of cleaning
under the piston rings, the operation can be done at a minimum of time
and trouble. In all engines with standard pistons the pistons can be
removed through the crankcase door. In engines that go into high alti-
tudes and are equipped with high compression pistons, it is necessary to
remove the piston through the top of the cylinder, due to its increased
length. Clean crankcase doors carefully before entering crankcase. Re-
move the spark plugs so that compression or vacuum will be released and
not interfere with handling the piston. By means of the flywheel revolve
the crankshaft until the lower connecting rod bearing of the piston desired
is accessible. Remove the lower half of the connecting rod bearing. Ro-
tate the flywheel (with the upper half of the connecting rod bearing still
on the crank throw) until the bearing is almost on>the-opposite (side ‘of
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the crankcase. This position is shown in position 1. Carefully note the
angle that the web of the crankshaft makes with a herizontal line through

|

Position 1 Position 2

Position 3 Position 4
Fig. 13—Showing Removal of Piston

the crankcase. At this point, with a light bar unseat the upper half of
the connecting rod bearing from the crank throw and lower it until the
upper part of the bearing spans the oil tunnel in the base of the crank-
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shaft. In removing the connecting rod from the crank pin bearing, care
must be exercised not to drop the connecting rod and piston or damage the
babbitt bearing. Position No. 2 indicates the second step in the removal
of the piston. When the connecting rod bearing spans the oil tunnel in
the crankcase, the piston can be pulled forward,-as in position No. 3, and
its removal is easily effected. At this point, however, it may be neccessary
to rock the crankshaft one way or the other to obtain the necessary angle
on the crankshaft to allow the pisten to come out of the door. Position
No. 4 illustrates the method of final removal of the piston from the crank-
case. : :

Inserting the Piston

119 —  Inserting the piston after cleaning or repairing is accomplished in the

reverse direction, except that a light bar must be used under the piston to
force it into the cylinder. The bottom edge of the cylinder is cut at
an angle so as to aid in compressing the piston rings and making the
insertion of the piston an easy matter. After the piston has been inserted
in the cylinder and the lower halfi of the connecting rod bearing assem-
bly placed on the connecting rod, be sure that all cotter keys are placed
on the connecting rod bolts. Also be sure that the oil dipper is point-
ing the right way. One side of each connecting rod on both upper and
lower half is stamped with a letter so no mistake can be made in assem-
bling. Occasionally, however, an operator may reverse the direction of
the oil dipper.

Fitting Piston Rings

120 —  Accuracy and care should be used in fitting piston rings in a cylinder.
Three factors have to be taken into consideration:
a. The fit of the piston ring in the cylinder before placing on the piston.
b. The fit of the piston ring in the piston ring slot on the outside.
c. The fit of the piston ring in the piston ring slot.
The average engineer should be able to get perfect adjustment on new
piston rings if the following precautions are observed:
Fit the Ring in the Cylinder First
121 —  Allowance has to be made for the piston ring’s expansion lengthivise,
so that when the piston and cylinder are up to opcrating temperature the
free ends of the piston ring will not mect and cause bind of the piston ring
against the cylinder wall. Broken laps and broken piston rings mean that
sufficient provision for expansion was not made.
’ 122 — Remove with a file any “wire” or rough edges on the corner of the

piston ring that comes in contact with the cvlinder wall{ ‘then, insert
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the piston ring in the cylinder so that it seats square. If the ring is in-
serted in a cylinder that is mounted on an engine a small round mirror is a
very efficient aid in examining the separation of the split.

123 —  \When material has to be removed from the end of the piston ring
split to provide the necessary opening for expansion, clamp a fine mill file
in a vise, open the piston ring and clamp the ends of the piston ring
squarely over it and remove material. Be careful never to damage the
piston ring split surfaces where they come together horizontally.

124 —  For the second and third rings the split in the piston ring should sep-
arate .012 (twelve thousandths) of an inch. A standard metal shim in the
connecting rod lower bearing of a “Caterpillar’” engine is .012 inch thick
and makes a very convenient guide to gauge the separation. FOR THE
TOP PISTON RING, HOWEVER, THIS SEPARATION IS NOT
SUFFICIENT, due to this piston ring’s proximity to the piston head.
where the heat is severest, and a distance nearly twice the separation given
the second and third rings must be given. The top piston ring split should
separate .020 (twenty thousandths) of an inch. This distance usually has
to be estimated. using two shims. unless the operator possesses a “feeler”,
giving the exact measurement.

Clean the Piston Ring Slot

125 —  The piston ring slot should be scraped absolutely clean of all carbon
deposit and washed off with kerosene. It is useless to fit a piston ring
unless this condition exists, because the deposit will produce a bind, in-
terfering with accurate fitting, and in addition will lift the piston ring
off contact with the edges of the piston slot and afford an opportunity for
a carbon deposit to build up immediately.

126 — Scrape the piston ring slot clean with a flat metal scraper. NEVER
USE A FILE ON THE PISTON RING SLOT. If it is not possible to
remowe all the carbon, 000 sandpaper under a flat stick should be used,
bearing lightly and bringing the piston ring slot to a bright surface.
NEVER USE EMERY CLOTH FOR THIS OPERATION. Rinse the
slots, when finished, with kerosene, and wipe clean with a soft cloth.

Fit the Piston Ring in the Piston Ring Slot

127 —  After the piston ring has been fitted in the cylinder. it should be fitted to
the piston ring slot by revolving the piston ring ON THE OUTSIDE OF
THE PISTON AND INSIDE THE SLOT.

128 —  If the piston ring does not have free movement in the slot, some mate-
rial will have to be removed from the ring. Obtain a flat board over
which spread a quantity of fine carborundum powder and cup grease mixed
into a thick paste, or use Clover Leaf Valve Grinding Compound or its
equivalent; lay the piston ring flat in this mixture and rotate till~a suffi-
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cient quantity of metal has been removed to allow freedom of movement
in the slot. Wash the ring with kerosenc, not distillate, and wipe clean
before trying the ring in the slot.

Insert the Ring in the Slot for Fitting

129 — One of the most convenient tools to have is a piston ring remover,
as by its use the piston ring will not be sprung out of round by care-
less handling or forcing. If removers are not available, three metal
guides. one-fourth inch wide, one-sixty-fourth of an inch thick and about
six inches long, should be provided. In taking off or placing piston rings
on the piston, these guides should be placed equally around the piston
and underneath the piston ring.

Final Fit of Ring in the Slot

130 —  When the piston ring is placed in the slot on the piston, it should be
free to move in every direction horizontally, but should mozve only a
slight amount in the vertical. This vertical movement must be limited from
.001 to .0015 (one to one and one-half thousandths) of an inch, so that the
expansion will almost close the piston ring slot on the top and the bottom,
a thin film of lubricating oil being the final seal to retain compression and
prevent the passage of the products of combustion around the ring in the
slot. A smooth brown cigarette paper usually micrometers .001 to .0015
of an inch and makes a convenient guide to gauge the vertical movement.
If the piston rings are fitted too loose in the beginning, wear on  the
square bevel edges will ultimately produce the condition shown in Fig. 12,
page 31.

131 — If the operator is careful in taking care of the engine when new
and painstaking when fitting new piston rings, the square edges of the
piston ring slot should be maintained indefinitely, provided the dry air
cleaning device is used continually.

Lubricate Rings Before Installing Piston
in Cylinder

132 —  Before placing the piston with its correctly fitting rings in the cylinder,
a light film of oil should be given the rings and the piston. However, do not
flood the piston ring slots with oil, as the only lubrication they need is on the
outside. Space the splits in the piston ring round the piston so that no two
of them will be in line.

Importance of Piston Ring Fit

133 —  Upon the perfect fit of the piston rings and valves depends the successful op-
eration of the engine. A PERFECT CARBURETER ADJUSTMENT
CANNOT BE OBTAINED IF EITHER OF THESE PARTS IS NOT
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GAS TIGHT. If the piston ring leaks either at the contact with the cylin-
der or around the piston ring due to the slot being beveled, or the piston
ring being too narrow, the intake stroke will be interfered with and com-
pression of the fuel will not reach the desired point. In case of a ring hav-
ing good fit against the cylinder wall and a poor fit in the piston ring slot,
the products of combustion will be forced downward past the top of the
piston ring, around back of the ring and out at the bottom and carbon
will be deposited on the low places and built up, possibly ultimately result-
ing in scoring the cylinder. If the piston ring has a good fit in the pis-
ton ring slot and a poor fit against the cylinder wall, the gases will have
direct access to the crankcase.

Use Care in Handling Piston Rings

134 —  piston rings should be handled carefully and when opened to put on
piston should not be sprung sideways. A ring can easily be sprung so that
it will produce a rocking motion when laid flat on a flat board or iron bench
plate and tapped with the fingers in different parts. It is impossible to fit a
rocking or cocked piston ring. Piston rings should not be carried indiscrim-
inately with other tools in the tool box. Make provision to carry piston rings
separately and stacked one on top of the other.

Valves

135 —  All valves used in the “Caterpillar’ engine are made of mild steel stems
with cast iron heads. The stem is first threaded into the valve head and
then electrically welded into place, producing a perfect union between the
two metals. The upper end of the valve stem is case hardened. Two case-
hardened lock nuts are provided for adjustment. The intake valve lifts 14
inch. The exhaust valve lifts 9/16 inch.

136 —  Fig. 14 shows a 75 cylinder head with one valve stem guide and valve
assembly removed.

Reading from
left to right, the
cut shows two
case-hardened lock
nuts, valve spring,
valve stem guide,
valve and cylinder
head with one
valve removed.

Fig. 14
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Valve Stem Guides

137 —  The valve stem guide, which is the
part subjected to wear, can be readily re-
moved by driving it out of the cylinder
head and a new one can then be inserted.
Fig. 15 shows a cross-section view of the
cylinder head and the valve stem guide
with the valve in place.

Valve Stem Guide Lubri-
cation

138 —  The valve stem guides should be lu-
bricated four times a day with a mixture
one-half cvlinder oil- and one-half kero-
sene. This penetrates better than straight
cvlinder oil. The lubrication of valve
stems and guides should never be neg- Fig. 15
lected.

Valve Grinding

. 139 —  To grind the valves of the 75 engine, remove the cylinder head. remove
the lock nuts and valve springs, being careful to note that the weaker valve
spring is on the intake valve and must be replaced in its proper position.
Place the cylinder head in a vise so that a good leverage can be obtained in
grinding. A bit can be made to fit the slot in the valve head and work in
the socket of the brace which will make an effective valve grinding tool.

140 —  Use carborundum powder mixed into a paste with cup grease, or use
Clover Leaf Valve Grinding Compound or an equivalent material. In grind-
ing valves, never use emery. In grinding valves do not use a circular motion.
Grind valves with a back and forth motion, turning about one-quarter the
way around. After several turns, lift the valve off its seat and bring it about
one-quarter of a turn towards the right. Seat valve and grind as before.
Continue this stepping the valve around so that all the high spots will come
in contact with each other, until the valve is ground to an even seat. To
watch the progress of the work, wash the valve and valve seat with kerosene.

141 —  When the grinding is finished, flush the valve stem, valve stem guide,
valve seat and cylinder head thoroughly with kerosene to remove all traces
of the grinding compound. Never allow any grinding compound to get into
the cylinder.

142 — It is recommended that after valves are ground in, the valve stems be
given one-quarter of a turn daily. This can readily be accomplished by
putting a wrench onto two lock nuts and keeping track of the direction of
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turn. This will keep the valve seat worn evenly and make less valve grind-
ing necessary. This should not be attempted until just after the valves have
been ground.

Governor

143 —  The function of the governor is to decrease the opening of the butterfly
or throttle when the engine reaches a certain speed in order to hold engine
speed constant under load conditions. The only function of the throttle lever
on the quadrant on the steering wheel is to close the butterfly or throttle.

Governor Adjustment

144 —  Fig. 16 shows a sectional view of the governor, together with its at-
tached levers, springs and brackets.

First: With engine at rest put hand throttle lever at top of quadrant,

thus placing butterfly or throttle in full open position (automatically

O
@
§\§\\ s

e N\

Fig. 16. Governor.
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opened by spring M1045 on throttle rod M1841 when rod M1887 is brought
in towards Z273, as the rod M 1887 only slides over M1841 by a loop and is
not attached). On rod M1887 and not shown on Fig. 16 is a set collar
M1045: adjust this collar so that the butterfly valve is wide open and its
action 1s not interfered with. This is the correct starting position for any
governor adjustment.

SECOND: Adjust collar M1045 to the left of Z273 in position so thal
when the governor ball is moved slightly by hand, the governor lever M 1168
will start to close the butterfly valve.

The set collar M1045 to the right of Z273 in Fig. 16 is used to regulate
the tension of the spring M1046 that is continually exerting pressure tend-
ing to open butterfly valve.

Governor Plunger and Spring Adjustment

145 —  Adjust spring M1041 so that the governor will function properly. \When
the engine is at rest, pulling the governor balls C109 till the plunger M1037
comes up square against the governor body should completely close the but-
terfly valve.

To increase the speed of the engine, screw M2o4y7 “in.
engine speed, screww M2o47 “out”

”»

To decrease the

Bronze Governor Washer

146 —  Probably the most neglected part of the governor is the bronse washer
M1039. This bronze washer is placed between the governor plunger M1037
and the swivel M1040 and is not given much attention by the average oper-
ator as the part is out of sight. This washer takes the wear between the
swivel M1040, which is stationary, and the governor plunger M1037, which
is continually revolving. This washer should be replaced when worn. Keep
all play on swivel adjusted by placing bronze washers on both sides. These
washers can be obtained in sets with varying thickness.

Lubrication of Governor

147 —  The governor should be lubricated with Cylinder Oil. Lubricate the
swivel and bronze washer, M1039, and governor ball pin M1036 four times
a day. Lubricate all other moving parts on governor lever twice a day.

" Carbureter

148 — A complete discussion of the carbureter is contained in Service Bulletin
No. 6, to which the reader is referred, as all subjects relative to carbureter
adjustment are discussed therein in detail. Fig. 17 shows a sectional view
of the carbureter.
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Adjustment of Carbureter

149 —  Specific directions can not be given for adjusting the carbureter. The
adjustment of the carbur-
eter depends upon the con-
ditions under which the =
engine is operated, atmos- : Y«
pheric conditions, eleva- ~
tion, quality of fuel used i “Y
and load pulled. The best
adjustment is to give the
engine as much air and as
little fuel as the engine j
will handle to have the re- §
quired power. :

150 — The function of the N\
carbureter is to change the
liquid fuel into a vapor
mixed with such propor-
tions of air that an explo-
sive or tnstantaneous burn-

i - . btained Fig. 17.—Carbureter.
g mz.r. ure 1s ‘? amea. Showing Needle-Valve and Air Adjustment.
If there is more air or less

air supplied than is re- A—Leather Air Valve Disc. M—Air-Valve Adjustment

. B—Float Chamber. Screw.
quired to make a perfect C—Mixing Chamber. .\O'—CorkVGlaskeSt.

: . D—Spraying Nozzle. —Air-Valve Spring.
mixture, the f ucl vapor E—Nzed)ie-\/alve. P—Throttle Lever.
mass will be a slow burn- F—Float. R—Pipe Connection.

. hy . . G—Reversible Union. T—Drain Cock.

mg mixture, which will H_Fioat Valve. U—Float Valve Cap.

cause rapid overheati T—Float Hinge. W—Lock-Nut. .

h .p ting qf K—Throttle Disc. X—Packing-Nut and Ncedle
the engine. carhon deposit | _Float Chamber Cover. Valve Connection.
and lack of power. Y—Lock Springs.

All the Air Must Go Through the Carbureter

151 — ALL THE AIR FOR THE FUEL VAPOR MIXTURE MUST GO
THROUGH THE AIR INTAKE OF THE CARBURETER IN ORDER
THAT THE LIQUID FUEL MAY BE CHANGED INTO A PERFECT
VAPOR. The necessary mechanism in the form of air valve and spring is
incorporated in the carbureter to obtain every adjustment.

When all the air does not pass through the air intake of the carbureter,
it is not possible to secure an accurate adjustment. In addition, thie valves

Forty



‘‘CATERPILLAR’ 75 TRACTOR

must open and close on time and the magneto must fire the compressed fuel
vapor charge at the correct point.

There are five places where air can enter the cylinder besides through the
carbureter properly.

a. Throttle shaft or bearing being worn.
b. Intake manifold leaking.

c. Intake manifold gaskets leaking.

d. Worn valve stem guides.

e. Poorly fitting piston rings or worn pistons and cylinders.
f. Auxiliary air devices.

152 —  An accurate carbureter adjustment cannot be secured until all air is ex-
cluded from gaining admission through these points. Air gaining admission
through any of these points dilutes the mixture that has passed through the
carbureter and can cause rapid over-heating of the engine and lack of power.

a. The throttle (or butterfly shaft, as it is commonly called) or bearing
may be worn oval through the action of the governor. This particular bear-
ing is made extra large to resist wear, but in time the bearing may be worn
to an oval shape or the butterfly shaft itself may be worn. This point is
probably overlooked more than any other as a cause of difficult carbureter
adjustinent and overheating of the engine. The proper diameter for the
throttle shaft is nine. thirty-seconds of an inch. The length of the shaft
varies for the different size carbureters.

There are two ways of remedying this condition. First, obtain an over-
size throttle shaft and then ream the bearing with a five-sixteenths reamer
and insert the oversize shaft. Second, drill the bearing, fit a bushing, ream
and install a standard size throttle shaft.

b. The intake manifold must be kept intact. Under no conditions must
it ever be tapped except to receive the Stewart Vacuum System pipe. The
intake manifold should not leak air at any point.

c. The intake manifold gaskets must not leak air and should seat per-
fectly. The gaskets contain asbestos fibre and when once compressed and
then removed it may be difficult to obtain an air-tight fit. A leaky intake
manifold gasket is best replaced by a new one. To detect a leaky intake
manifold gasket, with an ordinary oil can pour oil on the intake gasket while
the engine is running, and note if it disappears by the oil being drawn into
the intake manifold. The remedy is new intake manifold gaskets.

d. Worn valve stem guides on the intake valve can admit to the mixture
air that has not passed through the carbureter. The correct adjustment, for
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this is to insert a new valve stem guide. All the valve stem guides on
“Caterpillar” Engines are readily removed by driving them out. The valve
stems and valve stem guides should be lubricated four times a day with a
mixture one-half kerosene and one-half cylinder oil. A worn valve stem
guide can only be detected by disassembling the valve and making an exam-
ination of it. When an engine overheats in one cylinder only, the trouble
can frequently be traced to a leaking intake manifold gasket or a leaking
valve stem guide, provided, of course, that the oil level is at the correct point,
and water circulation is good.

e. Poorly fitting piston rings or worn pistons can admit air to the cylin-
der without the air passing through the carbureter. This point can readily
be determined by the lack of compression and the lack of power. The rem-
edy is to fit new piston rings. See Service Bulletin No. 4.

f. Auxiliary air devices should never be used on the “Caterpillar” Engine.
If the carbureter is in correct carbureter adjustment, there is nothing that an
auxiliary air device can do to add to the efficiency of the mixture. It is not
possible to get an accurate carbureter adjustment with the use of an
auxiliary air device. All the air for the mixture must pass through the
carbureter to secure perfect vaporization of the fuel. If maximum fuel
economy of the engine is not obtained with the carbureter, it may be that
the adjustment is unbalanced somewhere. The necessary mechanism in the
form of an air valve and spring is incorporated in the carburcter to obtain
every adjustmment as far as air is concerned. After a while the auxiliary air
device will leak air and be a source of constant annoyance, and can be a
fertile cause of engine overheating.

Carbon

153 —  The first and most important consideration in keeping an engine free from
carbon is the complete combustion of the fuel. as from this source the largest
proportion of carbon is deposited. For further detail, see Service Bulletin
No. 5 on carbon and carbon troubles.

Valves Must Operate Correctly

154 —  To secure a perfect carbureter adjustment, the valves must seat perfectly
and open and close correctly. Before proceeding with the carbureter adjust-
ment it is absolutely necessary to be sure that when the cam is disengaged on
each particular valve rod guide, all the slack is taken up on the valve tappet,
valve rod and rocker arm, so that the rocker arm has a clearance of one thirty-
sccond of an inch over the valve stem. This distance must not be waried.
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Fig. 18 shows a diagram of the cam, oy lac
valve rod and rocker arm giving a clear- L
ance of one thirty-second of an inch over
the valve stem when the cam is pointing
downwards. Carbureter adjustment can
be interfered with very readily and the
engine can lose power if the clearance is
greater or less than one thirty-second of
an inch.

155 —  The magneto must fire the compressed
charge at the proper point. See para- or
graph 180, page 51, for the proper timing -

[ 37 of the magneto.
03
When to Commence Carbu
eter Adjustment

156 —  In general, it may properly be said that t
adjustment of the carbureter commences by bei
sure the butterfly shaft and bearing, intake ma
fold. intake manifold gaskets, valves, valve st
guides, piston and piston rings exclude the ¢
trance of air from the combustion chamber, th
causing all the air to enter through the carburet:
Mechanical details to be looked after are to ma
sure that the rocker arm has a clearance of o
thirty-second inch from the valve stem and tl

the mixture is fired at the correct point by the Cam, Valve Rod and
magneto. Rocker Arm

Adjusting Carbureter

157 —  After all connections are properly made, see that the air valve “A” seats
lightly but firmly. This is regulated by adjusting screw “M.” Turning ad-
justing screw “M” to the right increases, and turning to the left decreases
the tension of the air valve spring “0.” Care should be taken not to screw
needle valve “E” into spray nozzle tightly. It has a tendency to increase the
size of the opening and will give a richer mixture. The needle valve “E”
should be closed lightly and then opened about one complete turn.

158 — In making adjustment for full load, open throttle wide, advance spark
about one-quarter, and if the engine does not run smoothly, but “backfires.”
it indicates that the tension of the air valve spring “O” is too weak. If, after
about two complete turns of adjusting screw “M” to the right, the irregu-
larity is not eliminated, give the needle valve “E"” about one-tenth to one-
quarter turn to the left, which gives the mixture just a trifle more fuel.

159 —  Fig. 19 shows a cut-away section of the carbureter. intake and exhaust
manifold on the “75” engine with the various parts indicated.
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Over-Lean
Mixture

160 — In an over-
lean mixture, the
mixture is slow-
burning instead of
an explosive mix-
ture and actual
flame 1is present
during the ex-
haust stroke. At
the time that the
intake valve is un-
seated to admit
the fresh fuel
charge, flame 1is
still present in the
combustion cham-
ber. It travels
down the intake
manifold and
causes what is
known as a “pop-
back” in the car-
bureter. This con-
dition heats the
engine very rap-
idly..

CAUTION:
Ncver use a prim-
ing can filled with
gasoline on the
air intake of a
carbureter when
the engine is run-
ning. A “pop-
back” may occur
that <will cause the
priming can to Fig. 19.
cxplode. If mecessary, prime the carburcter with gasoline before starting.
Priming the cylinders with the lcast quantity of gasoline possibie is all that
is usually required.
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Over-Rich Mixture

161 —  An over-rich mixture is a slow-burning mixture instead of an explosive
mixture. Black smoke is present in the exhaust gases. This black color is
free carbon, part of which remains in the combustion chamber and is baked
on the walls, valves and piston head. With an over-rich mixture the circu-
lating system is overtaxed to carry away the surplus heat and an undue
strain is placed on the lubricating oil.

CautioN: Care should be taken not to screw needle valve “E’” into the
spray nozzle tightly as it tends to increase the size of the opening and give
a rich mixture. This point is one that the average engineer does not detect
very readily. At the end of a run it is always advisable to stop the engine
by letting it die for want of fuel. The best way to shut off the fuel is to
close the shut-off cock on the pipe line rather than to use the needle valve.

It is possible to obtain a rich mixture by having the tension on the air
valve spring “O” too tight or the needle valve “E” open farther than re-
quired. The normal opening of the needle valve is from three-quarters to
one and one-quarter turn. Under extreme conditions the needle valve may
have to be operated from one and one-quarter to one and three-quarter
turns. If this amount is necessitated, the engine should be carefully ex-
amined to sée what is causing the increased fuel requirement. Over-rich
mixture in the carbureter is responsible for over 60 per cent of the total
actual carbon content in the engine.

Float Setting

162 — The top of the cork float “F” should be level when at rest and one
thirty-second of an inch above the top of the spray nozzle in the 4-inch,
114-inch and 115-inch carbureters, and one-sixteenth in the 2-inch carbu-
reter.

Float Valve

163 —  After constant use the float valve “H” becomes worn. which changes the
level of the float and makes it difficult to get a good adjustment on the car-
bureter. In this case, a new valve should be obtained. Don’t attempt to
grind this valve to its seat. »

The correct adjustment on the float valve is to have the float valve ad-
justed so you can feel just a little play between the ball on the float valve
and the float valve retainer nut.

Disassembling the Carbureter

164 —  Care should be used when taking the carbureter to pieces to see that the '
cork gasket “N” in the bowl is not broken. If broken it should be replaced
by a new one.
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Stopping the Engine

165 — It is advised when stopping the engine at the end of a shift or when the
engine is to be stopped for a considerable time, that the fuel supply be closed
off from the carbureter by the shut-off cock in the pipe line and the engine
allowed to die for want of fuel.

166 —  If the engine is stopped by short-circuiting the magneto, there will be
some wet distillate vapors in two of the cylinders, one being on the com-
pression stroke and the other being on the admission stroke. These vapors
condense, fall on the piston head and may gain admission under the piston
rings, diluting the oil supply under the piston rings, gaining admission past
the pistons and into the crankcase oil supply. Shutting off the fuel lets the
engine die with dry cylinders, which facilitates starting.

167 — A dry air cleaning device that depends upon centrifugal force of the air
to throw dirt to the outside of the container is employed and its continuous
use is recommended. The dry air cleaner removes from the carbureter air
supply the dust and dirt that would normally go through an engine without
its use. Do not remove the glass jar container while the engine is in motion.

Vacuum System

168 —  The Stewart Vacuum System employs a small tank installed on cylinder
No. 4. This tank is connected by brass tubing to the intake manifold, also
to the fuel supply tank and to carbureter. The partial vacuum that occurs
in the intake manifold is transmitted to the vacuum tank and this vacuum
is utilized then in lifting the fuel from the fuel supply tank into the upper
chamber of the vacuum tank. Fig. 20 shows a sectional view oi the Stewart
Vacuum Tank. Fig. 21 shows an assembly of the float and lever action.

169 — The Stewart Vacuum Tank consists of two chambers, the upper one is
the filling chamber and the lower one is the emptying chamber. Between
these two chambers is a partition in which is placed a valve. The partial
vacuum in the intake manifold on the intake stroke creates a vacuum in the
upper chamber and this vacuum closes the valve between the two chambers
and also sucks or pumps fuel from the main supply tank into this chamber.
As the fuel goes into this upper chamber, it raises a float valve. When this
float valve has risen to a certain point it opens a valve which shuts off the
suction and at the same time opens an air valve. This admission of outside
air releases the vacuum suction, thus causing the valve leading into the lower
chamber to open and through this the fuel immediately commences to flow
into the lower or the emptying chamber. This lower chamber is always
open to the outside air so that nothing ever can prevent the fuel in this lower
chamber from feeding through its connection to the carbureter in a perfect,
even, uninterrupted flow.

A is the suction valve for opening and closing the connection to manifold
and through which a vacuum is extended from the engine manifold to fuel
tank.
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Fig. 20. Fig. 21.

B is the atmospheric valve, and permits or prevents an atmospheric con-
dition in the upper chamber. WWhen the suction valve A4 is open and the
suction is drawing fuel from main reservoir, this atmospheric valve B
is closed. When the suction valve A is closed, then the atmospheric valve
B must be open. as an atmospheric condition is necessary in the upper tank
in order to allow the fuel to flow through the flapper valve F into the lower
chamber.

C is pipe connecting tank to manifold of engine.

D is pipe connecting vacuum tank to main fuel supply tank.

E is lever to which the two coil springs S are attached. This lever is
operated by the movement of the float G.

F is short lever, which is operated by the lever E and which in turn
operates the valves 4 and B.

G is the float.

H is flapper valve in the outlet T (see illustration). This flapper valve
is held closed by the action of the suction whenever the valve 4 is open,cbut
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it opens when the float valve has closed the vacuum valve 4 and opened the
atmospheric valve B.

J is plug in bottom of tank which can be removed for draining or clean-
ing tank. This plug can be replaced with a pet cock, to be used for drawing
off fuel for priming or cleaning purposes.

K is line to carbureter extended on inside of tank to form pocket for
trapping water and sediment. '

L is channel space between inner and outer shells, and connects with air
vent R, thus admitting an atmospheric condition in lower chamber at all
times, and thereby permitting an even uninterrupted flow of fuel to carbu-
reter.

M is the guide for float.

R is an air vent over the atmospheric valve. The effect of this is the
same as if the whole tank were elevated and is for the purpose of preventing
an overflow of fuel should the position of the tractor ever be such as would
raise the fuel supply tank higher than the vacuum tank. Through this tube
also the lower, or reservoir chamber is continually open to atmospheric
pressure, so that the flow of fuel from this lower chamber is always an
even, uninterrupted flow.

T is the outlet located at the bottom of the float reservoir, in which is the
flapper valve H.

Troubles

170 —  There are very few parts that require adjustment. The most common
complaint is that the screen I/ is clogged with sediment from the
fuel supply. Remove the screen and clean.

When new, the valve H may seat so tightly on its seat that the fuel can-
not go from the upper chamber to the lower chamber. After this valve has
been freed, further trouble will not be experienced.

The plug J is used for the purpose of draining the vacuum tank of water
and should be opened occasionally.

To Remove Top of Tank

171 —  In removing top of tank after taking out screws, run the blade of a knife
around top between cover and body of tank so as to separate gasket without
damaging it. Gasket is shellaced to make an air tight joint.

Connections and Tubing

172 —  Look over the connections to see that they are absolutely tight. Coup-
ling and elbow connections must always be kept screwed down tight. Care
should be taken that tubing contains no sharp flat bends that might retard

fuel flow.
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Repair of Tank

173 —  If you find it necessary to remove the tank for repair, then ship the
COMPLETE TANK to the closest Stewart Products Service Station. One
is located at 115 East Tenth St., Los Angeles; one at 215 B St., San Diego,
and one at 1447 Van Ness Ave., San Francisco. The instruction book and
price list of parts of every Stewart System is furnished with the Service
Bulletins at the time of delivery of tractor.

Magnetos

174 —  Two different types of K-W High Tension Magnetos have been used on
the “Caterpillar” 75, the model TK and model HK. The model TK is
described briefly in the following, but a complete discussion and price list is
contained in Service Bulletin E.

HK K-W High Tension Magneto

175 —  Service Bulletin C Revised contains a complete discussion of the Model
HK K-W High Tension Magneto. Service Bulletin E contains a complete
discussion of the Model TK K-W High Tension Magneto, and but a brief
discussion will be given here.

—-

Fig. 22 shows a longi-

tudinal sectional elevation of

Model HK. Study it in-

stead of taking your mag-

neto to pieces. The HK

K-W Magneto is so de-

signed that by the removal

of one spring, shown at Part

29 in Fig. 22, the circuit

breaker can be removed from

the magneto. Remove cover

nut No. 79. This allows re-

moval of circuit breaker cap

Fig. 22 and gives access to breaker

parts. To gain access to dis-

tributor, remove high tension spring No. 100, loosen nut No. 55, re-
moving spider No. 1. Beyond this point no one but a magneto expert
should venture. The inside of the magneto is not complicated. NINETY-
FIVE PER CENT OF ALL TROUBLE WITH THE K-W
CAN BE REMEDIED AT THE CIRCUIT BREAKER OR
DISTRIBUTOR. Fig. 23 shows a view of the circuit breaker. The
breaker bar No. 190 is the moving element in the circuit breaker, being ac-
tuated by the cam No. 67 and the roller No. 68. This breaker bar] is
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“grounded” to the magneto. Part No. 191, lower contact bar, and adjusting
screw No. 194 comprises the second part of the circuit breaker. The lozwer
contact bar and adjusting screw No. 191 carries the primary current and is
insulated from the rest of the magneto by fibre washers, bushings and plate
and it is necessary that the insulation never be destroved, nor must it be
short-circuited with oil, either inside or outside of the circuit breaker.

Adjusting Circuit Breaker Points

When the points between breaker bar No. 190 and adjusting screw No.
194 fail to separate, one of two things has happened. Adjusting screw No.
194 has been inserted too far and holds breaker arm No. 190 off the cam
No. 68, or else the screw located near No. 110 has been made to fit too tight
with a screw driver. The breaker points should always meet square. The
correct separation of the breaker points is one sixty-fourth of an inch. A
gauge is provided with cvery magneto and the scparation of the points must
always be tested and not gucssed at. Be sure that the spring tension on
the breaker arm is good and that the points come together in a snappy
manner.

Be sure lock nut on part No. 190 (platinum point screw) is set tight
and is free from metallic contact with breaker box or breaker box housing.
This is important.

Lubrication of Circuit -
Breaker and Bearings

The lubrication of the circuit breaker is
essential, but over-lubrication must be
avoided. All parts of the magneto must be
lubricated with a light oil like 3-in-1 or
Household Lubricant. The use of an oil
can to lubricate the circuit breaker or any
part of the magneto should absolutely be
prohibited. Use a toothpick or a piece of
wire with a notch filed in it near the end
resembling a crochet hook. The lubrica-
tion of the HK Magneto and particularly
the circuit breaker must be limited to one Fig. 23
drop at one place. Lubricate the cam roller
wicking No. 68 once cvery ten days with one drop of oil. Lubricate the
screw near 110 with one drop of oil every ten days. Wipe excess oil away
immediately. KEEP THE CIRCUIT BREAKER SCRUPULOUSLY
CLEAN OF EXCESS OIL and keep the points adjusted to break 1/64 of
an inch and most magneto troubles will be eliminated. Newver use cylinder
oil to lubricate any part of the magneto.

Apply one drop of oil to each bearing once every fifteen days.
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Circuit Breaker Troubles

178 —  The insulating washers on lower contact bar No. 191 may be broken by

179 —

forcing the screws in too far. If broken, new oncs must be put in before
magneto will operate successfully, if at all.

Excess oil will ground the primary current on No. 191, also causes
platinum points to burn up rapidly. Use light oil and wipe cxcess away
immediately.

Nut No. 79 must always be firmly scated. This usually can be tightened
sufficiently with the fingers. The circuit breaker cover No. 95 is an insulat-
ing material and oil and dirt on the outside of the circuit breaker can short-
circuit it. Keep the outside of the circuit breaker clean and free from oil.
Circuit breaker cover No. 95 must never be broken or checked.

Spring No. 189 must always make good contact.

Scparate platinum points for breaker bar and adjusting screw are not
sold, as they are difficult to install correctly. Complete breaker bars or ad-
justing screws are sold at a price as lotw as the cost of putting in and cor-
rectly mounting a new point.

The Distributor

The upper half of Fig. 24 shows a view of the
distributor. Unscrew nut No. 55, remove high ten-
sion bridge No. 100, remove cap, which gives view of
distributor and brush “B.” The carbon brush may be
removed and scraped if it has a hard, irregular glaze
on the surface that distributes the current to the con-
tacts. Occasionally a brush may be worn and carbon
dust will be worn off and in falling to the bottom will
short-circuit cylinders Nos. 1 and 4. The distributor
should be wiped with a clean cloth saturated with
gasoline when required. After the magneto has been
in service a long time, the face of the distributor may
become rough. Dressing the surface lightly with 000
sandpaper is all that will be required. Fig. 24

To Time Magneto to Engine

180 —  Refer to Fig. 24 on this page and Fig. 34, page 66.

First: Have cylinder No. 1 on top center as shown in the left side of
Fig. 34, page 66, on compression stroke. Have Oldham coupling un-
coupled.

Second: Place circuit breaker in full retard position. Rotate the mag-
neto by free end of Oldham coupling until Brush “B” touches segment “‘S,”
thus connecting with cylinder No. 1.
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Third: Shift the magneto slowly by hand in the proper direction of
rotation till the contact points “P” in Fig. 24 are just gommencing to separ-
ate. This is the firing point of the magneto and in timing the magneto must
occur when the piston is on top center with magneto in full retard. From
the full retard the circuit breaker can be advanced about 30 degrees.

Fourth: When No. 1 cylinder is right, connect up Oldham coupling
with the bolts provided. Proceed to connect up other cylinders as follows:
All “Caterpillar” engines fire 1, 2, 4, 3. Cylinder No. 1 is the cylinder
nearest the large fly wheel. The secondary connections from the distributors
are numbered 1, 2, 3, 4, and do not refer to the engine cylinders. \When
cylinder No. 1 is on contact and ready to fire, connect terminal No. 2 to
cylinder No. 2, then connect distributor block terminal No. 3 to cylinder
No. 4 and distributor block No. 4 to cylinder No. 3.

Fifth: Replace all parts of the magneto. Be sure that nut No. 55 is
tight, that high tension lead No. 100 is firmly attached, that nut No. 79
is firmly seated. Also see that spring retainer No. 189 has been replaced.
There should be a tendency for the engine to kick back slightly when start-
ing, and if it does not, advance the magneto to the point where it does.
This is for the purpose of obtaining the spark at the right time, at the in-
stant that the impulse starter is automatically thrown out of action and locked.

New Type Short Circuiting Switch

181 —  On the later model HKs the rotary switch has been discontinued and a
short-circuiting finger has been substituted that works on the breaker box
and against the spider “I”. To kill the engine with the magneto, all that
is necessary is to put the spark lever in full retard position.

Starting

182 —  In starting the engine with this impulse starter, the circuit breaker should
be placed nearly in retard position, so that when the engine comes up to
normal speed the spark can be advanced by advancing the circuit breaker
to the proper point.

If the engine should be started with the circuit breaker in too much of
an advanced position, it would still not fire the engine until after it had
passed dead center as long as the engine was below speed and the tripping
device was operating at every explosion, but as soon as the tripping device
would go out of action, so that the spark would occur at the time the cir-
cuit breaker was set for, the engine would get its spark too early. There-
fore, it is best to operate tripping mechanism with circuit breaker in nearly
retarded position and advance spark when the engine comes up to speed
as required.
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HK K-W Impulse Starter

183 —  Fig. 25 illustrates the

impulse starter for model
HK K-W Magneto. The
impulse - starting  device
operates only when the
trigger ST-14 is set. Nor-
mally the shaft is driven
straight through the coup-
ling or connection to the
engine, and the trigger is
automatically thrown out

when the engine comes Fig. 25
up to speed.
184 —  Full directions are contained in Service Bulletin No. 6 for replacing and

putting a new spring in the impulse starter when required; the bulletin also
contains a full catalog of repair parts and prices.

Model TK K-W High Tension Magneto

—  The model TK differs in many respects from the HK, but the same gen-

eral principles are employed in the rotor and circuit breaker construction.
The impulse starter on the TK differs radically from the type employed on
model HK.

Model TK Magnetos must be mounted on a brass or aluminum base or
separated by at least one-half inch of non-magnetic material. If mounted
on an iron bracket, brass cap screws must be used, as steel cap screws will
demagnetize the magneto by affording a path into the iron bracket.

Length of Cap Screws

186 — - Be sure that cap screws are not

too long. ‘They should go into the
magneto only three-eighths of an
inch; otherwise they will break
through the base and strike the
rotor. Be sure that lock nuts are
placed under the cap screws when
installing on the engine.

[ Cross Section of
Model TK

187 — = Fig. 26 shows a cross section

Fig. 26 of the model TK  withimpulse
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starter removed. All the repairs that can be made to the TK by one not a
magneto expert can be made either at the circuit breaker or distributor. The
circuit breaker can be removed by shoving the spring clip aside, and by re-
moving the cover nut access can be had to the points. Removing three cap
screws will expose the distributor for inspection,

Circuit Breaker

188 —  The entire circuit breaker is removable for inspection and adjustment,
as in Model HK. The upper bar carrying the adjusting screw is the mem-
ber insulated from the circuit breaker. The upper bar in Model TK carrics
the primary current and must not be short-circuited by breaking the insulat-
ing washers, bushings or plate, nor must the circuit breaker cover be broken
or checked. The circuit breaker both inside and out must be kept scrupul-
ously free from excess oil. (Be sure thumb nut which holds cover on cir-
cuit breaker box is tight, as this is a primary conductor to the breaker
points.)

Fig. 27 shows the circuit breaker.
To remove the circuit breaker it is
only necessary to push aside the contact
spring, when the entire circuit breaker

may be withdrawn.
The same care and operation of
breaker bar and points must be observed
Fig. 27 as outlined for Model HK. The breaker
points must break onlv one-sixty-fourth
of an inch. A gauge is provided with every magneto to measure the dis-
tance. The circuit breaker must be kept free from excess oil. Undue pres-
sure must not be exerted in scating the two screws in the upper contact
bar, so as to cause breaking or fracture of insulating washers or bush-
ings. If the cam does not operate the breaker bar, the adjusting screw on
the contact bar is advanced too far. If the lower breaker bar does not oper-
ate freely, the screw at the lower left-hand corner of the circuit breaker

has been adjusted too tight.

Impulse Starter

189 —  The impulse starter does away with the necessity of batteries and spark
coil. The impulse starter is so designed that a catch holds the rotor in the
magneto during 80 degrees of travel, then is tripped and the rotor is thrown
ahead at the rate of 500 r. p. m., assuring a very hot spark which is in time
with the motor.

Fig. 28 shows a view of the impulse starter.
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To Operate Starter

190 — By pressing down on back
end of ratchet catch lock TS-8,
ratchet catch TS-11 will be re-
leased and allowed to engage
with notch on ratchet TS-5,
which is keyed to the rotor, hold-
ing it stationary, while case TS-2
is moving 80 degrees and com-
pressing spring TS-23. \When
the lug on case TS-2 moves -
around to release catch TS-11, Fig. 28.
the rotor is thrown ahead with a rush, causing an exceedingly hot spark to
be delivered. This will continue until a predetermined engine speed has
been reached, when the starter is thrown out of engagement and the magneto
is driven direct through the starter coupling.

To Replace Impulse Spring

191 — Remove nut T-76 and withdraw case TS-2, which will expose spring
TS-23 and spring TS-24, which can then be taken out and replaced easily.
On the inside of case TS-2 a lug will be found which must be inserted be-
tween the two springs when replacing case. This can be accomplished very
easily by leaving spring TS-23 stick out about half way, then by setting the
lug against spring and turning the case it will slide into position. To adjust
the speed at which the starter throws out, loosen lock nut TS-20 and then
turn adjusting screw TS-18 up or down until properly set and then lock
with nut.

Keep impulse starter free from gummy oil and any foreign substance.
- Clean occasionally with gasoline. Oil with 3-in-1 or Household Lubricant.

To Time Magneto to Engine

192 —  To time magneto to engine proceed exactly as outlined for model HK in
paragraph 180, page 51.

The Distributor

193 —  Carbon brushes are used, past which copper segment carrying the high
tension current passes. Once a month clean out the distributor with a soft
cloth moistened with gasoline.

Lubrication

194 —  Ncver oil the magneto with cylinder oil, use 3-in-1 or Household Lubri-
cant. Make an oiler out of a piece of wire by filing a notch like a crochet

Fifty-five



CARE AND OPERATION

hook near the end. This will enable you to measure the oil and not guess
at it. Magneto lubrication must be measured in drops. DO NOT OVER-
LUBRICATE THE MAGNETO.

The oil hole near the top of the distributor provides lubrication for both
the distributor bearing and the ball bearings behind the circuit breaker.
Apply three drops of light oil once every fifteen days if running one shift
only. If running double shift oil once every seven days.

The oil hole near the impulse starter feeds the ball bearings on the mag-
neto shaft and requires but one drop every fifteen days.

Oil the wicking in the roller No. 68 once every ten days with.one drop
of oil and wipe excess oil away before reassembling. Oil the pin carrying
the lower breaker bar with one drop of oil. Keep the breaker box scrupu-
lously free from excess oil. Platinum points burn out rapidly when contam-
inated with oil.

‘

In Case of Trouble

195 —  See that all nuts are tight; that the retainer spring is making good con-
tact, and all wires leading to the spark plugs are connected or making good
connections. Check up the timing to see that the magneto is timed cor-
rectly.

Look at the distributor and see that it is free from carbon dust.

Open up the circuit breaker and see that it is not flooded with oil and no
oil is on the contact points. The proper adjustment for these points is one
sixty-fourth of an inch apart when they break.

Examine the spring in iﬁ1pulse starter to determine if it is broken. If
spring is broken the magneto will be put out of time.

Remove the spark plugs, examine them carefully to see that they are not
cracked or short circuited and that the spark plug points are not too far
apart. The proper adjustment of spark plug poiuts for the K- Magneto
is one sixty-fourth of an inch apart. When the magneto has been removed
for repair, always clean the spark plugs thoroughly before starting the engine
again in order to be safe in detecting further trouble.

To test the magneto, engage impulse starter, pull off one secondary wire
from the plug, hold it about one-eighth of an inch away from magnets and
turn engine to give magneto one quick turn at the proper cvlinder. A good
spark should be thrown.

Frequently trouble is laid to the magneto when other parts are to blame.
Be sure that compression is good, as leaky valves and poorly fitting piston
rings may result in the loss of compression, thus giving rise to engine trouble
that frequently is laid to the magneto. The valve rod should have the
proper clearance. See Fig. 18, page 42. The carbureter may be out of ad-
justment or not have the proper supply of fuel due to a clogged feed pipe.
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To test for a “missing” cylinder, obtain a wooden handie screw driver,
place the shank of the screw driver on the valve rod and present the end close
to the copper terminal on the spark plug. If a spark is present in the
cylinder tested, it will be visible on the outside. Another way to determine
the “missing” spark plug is to short circuit each cylinder in succession by
putting the end of the screw driver firmly against the spark plug terminal
and the shank of the screw driver against the valve rod.

To Clean Spark Plugs

196 — To clean spark plugs, it is not merely sufficient to remove the carbon from
the points, but it is necessary to disassemble the spark plug, which can be
readily done, and clean the porcelain or the mica core, whichever the case
may be. In case of porcelain cores, remove carbon by scraping it or with.
000 sandpaper and wash clean with gasoline. Mica cores are best cleaned
by lightly dressing with 000 sandpaper. Clean the interior of the spark plug
by.scraping and then flushing with gasoline. Reassemble plug, and be sure
that all parts fit tightly. Do not force the final seating of the outer lock nut.
For successful operation of the spark plugs in using high tension current, the
points should separate not to greatly exceed one sixty-fourth of an inch.

Cooling System

197 —  Cooling of the engine is effected by the circulation of water by a cen-
trifugal pump drawing its supply past a valve from the water tank, thence
into the bottom of the cylinders, out the cylinder heads and through a large
vertical finned-tube radiator and thence returned to the water tank. The
radiator is spring mounted :
to reduce vibration. Fig 29
shows a front view of the
radiator assembly.

Radiator

198 —  The radiator is built up
with twelve sections AM 204
as shown in Fig. 30, six sec-
tions being on each side of
radiator manifolds 11368
and E1588. Ten finned
tubes M1688 set in two sec-
tion headers comprise a ra- Fig. 29. Front View Radiator.
diator section. Tie rods M7311 and M7312 hold the section AMZ204 and
the section on the opposite side of the radiator manifolds in place. Fig. 30
shows a view of radiator parts.
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Fig. 30.

To Drain Radiator

199 — To drain radiator, three brass pet cocks are provided in water manifold
E1368. These pet cocks can be reached directly under radiator support
frame and above the front wheel. IN FREEZING WEATHER DRAIN
RADIATOR, WATER PUMP AND CYLINDERS. If it is not desired
to drain the water tank underneath the frame, close valve between pump
and tank before draining radiator. It is better to be on the safe side, how-
ever, and drain the tank.

To Remove Radiator Section

200 —  Remove radiator cover, unscrew tie rods M7311 and M7312, remove
brass washers.for section header M2434, containing the lead gasket M2098.
It is not necessary to disturh the radiator section on the opposite side of
radiator manifolds. Slip section over tie rods.

To Repair Leaking Radiator Tube

201 —  When radiator section has been removed from radiator, scrape the bottomn
" or top of leaking tube and an arca around the point where the tube is set
into the section header M7310 to a clean, bright surface with a knife.
Wash this surface with a solution of muriatic acid that has been cut by zinc.
See paragraph 203.

Heat Part to be Soldered with Blow Torch

202 —  With a blow torch giving an even light blue flame and not too much
pressure heat the tube on one side till the solder commences to run, then
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give part heated a light brush with the acid, heat and apply wire solder to
tube and flame. Regulating the presence of the flame against the tube, and
directing the melting solder will aid in placing the solder and making the
repair. It is unsatisfactory to attempt a repair using a soldering iron. In
soldering other side be sure tube is not heated so hot that work just finished
will be melted.

Cut Acid with Zinc

203 — To a quantity of commercial muriatic acid add a quantity of zinc, prefer-
ably in the form of shavings. Add zinc till acid does not give off bubbles.
Keep this mixture in a glass container for future use.

Reassembling Radiator

204 —  When reassembling radiator be sure that the lead gasket in the radiator
manifold E1368 and E1588 is in good condition. If not, insert a new one.
Slip section over tube. . Be sure that lead gasket in brass washer for section
header M2434 is in good condition. Apply washer, thread tie rod through,
apply rubber gasket and tighten up snug.

If the radiator sections are kept tight on tie rods and spring mounting is
kept in good order, but little trouble should occur with the radiator leaking.
ALLOWING RADIATOR TO VIBRATE WILL DEVELOP LEAKS
AT END OF HEADER SECTIONS OR LEAKING TUBES.

Clean Sight Feed Glass

205 — In some sections of the country the water will discolor the glass. thus.
making it difficult to watch the circulation of the water. Where this con-
dition occurs it is advised that the sight feed glass M1691 be removed and
cleaned.

To Drain Centrifugal Pump

206 —  The centrifugal pump contains two brass pet cocks, the upper one of
which is used to try the circulation. Open both these pet cocks and allow
pump to drain. W hen draining appears completed revolve flvwhal by hand
several revolutions to relicve any head of water that may be held in the « ater
intake manifold. THIS IS IMPORTANT.

To Drain Cylinders

207 — Remove drain plug at bottom of cylinder water jacket on the right hand
side of the engine. Protect magneto from entrance of water when draining
cylinders. If the cylinders do not contain drain plug, revolving the flvwheel
after draining appears completed will release the head that holds water in the
cylinders.
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To Drain Pipe

208 —  The pipe from the tank to the pump contains a tee with drain cock. Open
drain cock. If it is not desired to drain the tank and the valve is closed, a
good precaution to take is to wrap the piece of pipe from tank to valve
with cloth.

To Refill Radiation System with Water

209 — Close all drain cocks. Fill water tank and start engine. As the cen-
trifugal pump is lower than water tank it will not need priming. Water
will then be pumped into cylinders and through radiator. Fill the water
tank as the supply is decreased until the system will not take any more.
Circulation should be established in ten to fifteen seconds. Be sure that cir-
culating pump is operating. Open top pet cock on pump to determine if
water is circulating.

Cover Radiator in Extreme Cold Weather

210 —  If the tractor has to be operated in extremely cold weather, it is advisable
to put a sheet of canvas over the radiator screen. This canvas should be cut
so that an area about the center of the radiator will admit air, and the can-
vas flap should be so arranged that the opening can be increased or de-
creased by rolling it up or down.

Keep Radiator Cover On

211 —  Keep radiator cover on at all times. If radiator cover gets out of repair
or is allowed to shake loose, it should be repaired. It is important that the
air does not gain free admission between the radiator cover and the sides of
the tubes. The baffle plate should fit close to the tubes, thus causing the air
to travel over the tubes instead of around the sides.

Water Pump

212 —  Circulation is obtained by a centrifugal pump belted to the engine and
fan. The pump must be kept up to speed at all times in order to circulate
the water properly. If the engine is run “idle” for any long period of time,
the operator should watch the circulation very carefully.

There is very little to get out of order with the water pump. However,
certain features must be watched. The bronze gland C180 shown in the
Price List of Parts may not be tight enough on its packing to exclude air
from gaining admission to the pump or the pump packing may be worn
out and require a new packing before pump will operate properly. The pet
cock in the top of the pump is used to try the circulation while the pet cock
in the lower casing of the pump is used for draining purposes. After a long
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period of use the bronze bushings B247 for the frame of the pump may re-
quire replacing. If the pump shaft has end play, positive circulation of the
water cannot occur.

The pump pulley should be securely fastened at all times and should be
positively driven by the pump and fan belt.

Lubrication of Water Pump

213 —  The lubrication of the centrifugal pump is effected by two grease cups.
These grease cups should receive two complete turns every hour. It is best
to place the lubrication so that one turn is given every half hour. Use “Cat-
erpillar” Cup Grease in the cups.

Timing the Engine

214 — Timing the engine of the “Caterpillar” 75 is divided into two opera-
tions:
a. Timing the valves.
b. Timing the magneto.
The engine of the “Caterpillar” is a four-cylinder four-stroke cycle en-
gine, and before proceeding with the discussion of the two divisions above

named it will be necessary to point out certain features in order that no mis-
take will be made in making the setting.

Cycle
215 — A cycle is one complete set of operations occurring within a cylinder and
consists of four distinct parts.

1. Admission of the fuel vapor.

2. Compression of the charge.

3. Explosion of the charge, or power stroke.

4. Exhausting the burned gases.

To accomplish the above functions the piston has to make four strokes,
two down and two up, and the flywheel has to make two revolutions. With
the four-cylinder four-stroke cycle engine, two power impulses are given to
the crankshaft every revolution. Fig. 31 shows a diagram of the “75” en-

gine, and the table below shows the sequence of events per revolution, assum-
ing that cylinder No. 1 is on the explosion or power stroke.

Top and Bottom Centers

216 — In the analysis of the method of the four-stroke cycle engine the piston
passes through two points called the top and bottom centers.

The top center (upper dead center) is that point where the piston has.
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reached its highest point of travel towards the cylinder head. This point
must be borne in mind, as from this point all “75” engines are timed.

The bottom center is that point where the piston has reached its lowest
point of travel away from the cylinder head.

Offset

217 —  The top and bottom centers must not be judged by the apparent vertical
position of the connecting rod, due to the
fact that in actual construction engines are
given an “offset” that is, the center line
passing through the cylinder does not pass
through the center line of the crankshaft.
Fig. 32 is a diagram showing an exagger-
ated condition of “offset.”

The piston has its highest point of travel
upwards towards the cylinder head (top
center) when the center of the crankshaft,
the center of the crank pin and the center
of the piston pin are in a straight line. The
diagram of the engine in Fig. 34, page 66,
shows the engine on top center.

This condition of offset is important to
bear in mind, particularly to timing igni-
tion and setting valves in the field. The
operator must never make the mistake of
setting his engine on top center by having
the connecting rod in a vertical position, as
the engine will be timed late. 1 for any
reason the flywheel is not marked with top
center, a cylinder head should be removed, Fig. 32.
top center determined by moving the piston in the cylinder and then mark-
ing the top center on the flywheel. From the position of top center on the
flywheel project the point by means of a steel square and mark a point on
the crankcase to witness the two points on a line, and use for future
settings.

Valve Setting

218 —  The first requirement in timing an engine is to give all the valve rods
the correct clearance of 1/32 of an inch over the valve stem. See Fig. 18,
page 42, for the correct setting of valve rod. This setting must be made
with the cam pointing down and all slack taken up between rocker arm and
valve tappett. This is for the purpose of allowing for expansion and the
measurements should be accurately made.
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Fig. 31. Diagram of Four-Stroke Cycle in Four-Cylinder ‘‘Caterpillar’ Engine.
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For the purpose of illustration it will be assumed that the engine has
been taken down in the field and that all the gears in the gear case have
been disturbed and it is desired to put the engine back on time.

Place piston in cylinder No. 2 (second cylinder from large flywheel) on
top center. With the camshaft gear engaged on the key of the camshaft
but disengaged from the crankshaft timing gear, revolve the camshaft
the direction opposite to the rotation of the engine so that the exhaust cam
operates the exhaust valve. Continue turning the camshaft wuntil the cx-
haust valve is almost seated. This is determined by having but slight ten-
sion on the valve rod and exhaust valve (at a small fraction of movement
past this point the valve rod should have its full 1/32 of an inch clearance
over the exhaust valve). At this point engage the camshaft gear with the
teeth of the crankshaft timing gear. :

Timing. Gears Marked

219 —  The timing case gears of all engines are marked, usually with a letter.
As a rule two teeth on the camshaft gear and only one on the crankshaft
timing gear are marked. In this case the tooth on the crankshaft gear
should mesh between the two marked teeth on the camshaft gear.

Some engines contain but one mark on the camshaft gear, always placed
between two teeth, and the crankshaft gear similarly marked. In this case
the gears should be meshed so that the two marks will come directly in line.

Magneto Gear Not Marked

220 —  The teeth on the gear that operates the magneto are not marked and the
magneto is put on correct time by revolving it independently of the magneto
shaft (by having the Oldham coupling disengaged) and setting it where
required.

Do Not Change Timing of Engine

221 —  The point at which the lettered or marked teeth on the camshaft and
crankshaft timing gears engage should not be changed so as to make the
timing either early or late, as such change will affect the horsepower consid-
erably and in addition is a fertile source of overheating engine.

Valve Setting

222 — a. Fig. 33 gives a diagram for the valve opening and closing of a “75”
engine, and shows the actual duration of the different strokes. [Vhen the
piston is passing through top or bottom center, it is practicallv at a stand-
still, during which time the crankshaft, howctver, is in wniform. circu-
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lar motion. The
piston travels
Position oF emced faster in certain
ignition portions of the
stroke (due to

the fact that it
has to come to
a dead stop at
each end of the
S stroke and re-
Y verse direc-

tion); conse-
quently this fact
is taken advan-
tage of in cam
mounting, for if
the valves are
allowed to re-
main open dur-

Oirection of
Rota ?r0n

ing certainover-
Iniet closes & lapping periods
the gases will be

swept in or out
of the cylinder
by their own
momentum,
thus aiding the
Fig. 33. function of the

engine.

Theoretically, each separate operation of admission, compression, explo-
sion and exhaust in the four-stroke cycle engine is supposed to begin and
end at top or bottom center, though in actual construction this is not true.
If the valve opens before center is reached, the valve is said to open early;
if the valve closes after center has been past the valve is said to close late.

The early and late closing of the valves is governed by the cam positions
on the camshaft and cannot be changed by the operator.

The point to be observed in valve setting is to have the valve rods with
their correct clearance, 1/32 of an inch, and the camshaft timed by revolv-
ing the camshaft gear until the exhaust valve on cylinder No. 2 is just
about closed, which point is determined by trying the tension on the valve
rod and rocker arm.

opens do°*
..’(’

Magneto Timing

b. When the valves have been correctly timed, proceed to time the
magneto as outlined in paragraph 180, page 51, describing the HK )Magneto
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and time. It is possible to time the magneto to any cylinder by getting the
correct firing order and making contact with the correct segment. All
“Caterpillar” engines fire 1-2-4-3, and the magneto distributors are num-
bered 1-2-3-4. These do not refer to the cylinder numbers, however, and it
is necessary to interchange the leads from the distributor so that lead No. 3
goes to cylinder No. 4 and lead No. 4 goes to cylinder No. 3. Fig. 34
shows a diagram of the piston of the engine on top center of compression
stroke and the model TK Magneto placed in full retard. The position of
the circuit breaker arm for the
Conte Model HK is exactly the same. As-
suming that the Oldham coupling is
.disengaged, rotate the magneto in
the same direction that the engine
turns till the copper segment is
making contact with the cylinder to
be timed. Then slowly rotate the
free end of the Oldham coupling till
the circuit breaker points are just
commencing to separate. This is
the firing point of the magneto.
Connect the Oldham coupling in the
holes that coincide and proceed to
start the engine. The engine will
Fig. 34. then fire on top center when the cir-
cuit breaker is in full retard. Ad-
vancing the ignition to the point where the engine works best will be at a
point toward 15 and 30 degrees ahead of top center with 30 degrees of
advance as the extreme range. If the engine should knock on extreme
advance spark, retard the spark to the point where the engine works with-
out a knock.

Engine Overheating

224 — The efficiency of the internal combustion engine is dependent upon the
amount of heat derived from the heat generated by the explosion of the fuel
vapors. Not all of the heat units derived from the explosive mixture are
utilized in work. The object of the cooling system is to keep the tempera-
ture of the cylinders below the danger point but at the same time keep it as
hot as possible to secure the maximum power. If no cooling medium were
provided, the heat of the continuous series of explosions, each of which is
over 2000 degrees Fahrenheit, would soon heat the metal parts of the engine
to the point where they would seize and render further operation of the
engine impossible. The object of the cooling system is to get rid of the
surplus heat. All “Caterpillar” engines are water cooled. Circulation is
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maintained by means of a centrifugal pump. An overheating engine can

be caused by
Ist. Failure of radiation system to perform proper functions.
2nd. Lack of efficient lubrication. '
3rd. Incorrect mixture in carbureter. Over-lean and over-rich mixtures.
4th. Air leaks that dilute mixture after passing spray nozzle.
Sth. Incorrectly timed valves.
6th. Ignition of fuel charge at wrong time.
7th. Presence of carbon deposit in combustion chamber.

Ist—Failure of radiation system to perform proper functions can be divided
into

- n an o8

Poor radiation. Clogged circulation system.
Failure of pump. Slipping pump and fan belt.
Radiator fan out of repair.

Water jackets in cylinders clogged with sediment.
Leakage in radiator sections or auxiliary water tank.
Glands on centrifugal pump leaking air to system.

2nd—Lack of efficient lubrication can be divided into

g
h.
i.

Poor or wrong quality oil used.

Dirty oil in crankcase—clogged oil circulation system.

Incorrect oil levels. Dippers on connecting rods not dipping deep
enough. '

Engine not up to speed.

Crankcase oil supply thinned by entrance of fuel particles from over-
rich mixture, or continuous “missing” of cylinder.

3rd—Incorrect mixture in carbureter can be divided into

l
m.

Over-rich mixture.
Over-lean or thin mixture. .

4th—Air leaks that dilute mixture after passing spray nozzle can be divided
into

n.

AR

Worn throttle shaft.

Leaking intake manifold.

Leaking intake manifold gaskets.
Leaking intake valve stem guides.
Leaking auxiliary air devices.

Sth—Incorrectly timed valves can be divided into

S.
t.

Incorrectly timed camshaft.
Improperly adjusted valve rods.
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A badly carbonized engine will not only cause overheating but will cause
pre-ignition as well, with its resultant evil effects, even though the magneto
is correctly timed. A badly carbonized engine should receive attention and
the carbon and its cause removed. A full discussion of carbon and carbon
trouble is contained in Service Bulletin No. 5.

Removal of Scale

225 — To remove scale, dissolve about six pounds of common washing soda in
five gallons of boiling water and introduce this mixture directly into the cir-
culating system. The tractor should be worked one day with the soda solu-
tion in it and then the entire system should be drained and flushed with
clean water. Particles of scale may become disengaged and not completely
dissolved and it will be necessary to make sure that all loose scales are re-
moved. If convenient to a pressure system, the hose connections should be
removed and clean water under pressure should be forced through the water
inlet manifold as well as the radiator. The radiator can readily be disassem-
bled if it is necessary to clean out disengaged scale.

A full discussion of the subdivisions above quoted is contained in Service
Bulletin No. 8.

Troubles

226 —  When an engine refuses to start, stops or misses, do not immediately
start to work with the wrenches, but sit down and analyze the problem thor-
oughly. By doing this, much valuable time will be saved. Sometimes the
trouble is with the operator.

If Engine Fails to Start
227 — (1) Lack of fuel. '

See that needle valve is turned on from one to one and one-quarter turns,
and that shut-off cock in the fuel line is turned on. Screen in vacuum tank
may be clogged. Reservoir in vacuum tank may be empty. Distillate tank
may be empty.

(2) Lack of ignition current.

Be sure magneto control throttle lever has been advanced so that the
short circuiting switch on the magneto is disengaged. If an independent
switch for Model HK K-W Magneto is used, be sure that it is not “shorted’;
this is a common fault. Be sure that all cover nuts on the distrib-
utor side of the magneto are seated tightly. See paragraph 178. Be sure
that insulating washers on the lower contact bar are not broken. See para-
graphs 175 and 188. Be sure that circuit breaker box is not flooded with
oil inside or out. See paragraph 177. Be sure that circuit breaker points
break only 1/64th inch. Examine impulse starter for broken spring. In
foggy weather wipe distributor dry on the outside with a clean cloth.
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(3) Dirty spark plugs.

Spark plug points too far apart. See paragraph 196. Most operators
make mistake in not keeping gap about 1/64th inch wide. In extremely cold
weather wet end of spark plug with gasoline after cleaning and before in-
serting in cylinder head.

(4) Priming engine.

DO NOT OVER-PRIME ENGINE WITH GASOLINE. Over-
priming will wash lubricating film off piston and cylinder, thus causing loss
of compression. See paragraph 16, page 2. Be sure that you are priming
with gasoline and not distillate or kerosene. If an engine has been re-
peatedly primed and compression is lost, remove spark plugs and pour one-
quarter cup of cylinder oil in each cylinder and revolve engine several times
by hand to re-establish compression. Prime cylinders with least quantity of
gasoline, but prime carbureter heavy if desired.

(5) Valve rods may not have proper clearance.

When the cam is pointing downward for the particular valve examined

~ and all slack taken up from rocker arm to valve tappett, the rocker arm

should have 1/32nd inch clearance over valve stem. See paragraph 154
and Fig. 18, page 42.

(6) Air leaks above carbureter.

Air leaks above carbureter may make difficult starting. Butterfly shaft
| should not leak air. Intake manifold gaskets should not leak air. See para-
. graph 151, page 40. Intake valve stem guides should not leak air. Sce
paragraph 151 and Fig. 15, pages 40 and 37.

(7) Lack of compression.

Valves may need grinding.

Engine Stops
228 — (1) Lack of distillate.

Vacuum system tank may be clogged. Water present in carbureter or
vacuum tank.

' (2) Carbureter flooded.

Float valve stuck. Float may be soggy. Carbureter may be improperly
adjusted.

(3) Cover Nut No. 79 may be loose on magneto. Magnetos have been
returned to factory for repair when it was not possible to start engine, when
all repair necessary was to tighten cover nut. Other nuts may cause trouble
by being loose. Roller No. 68 may be worn on bushing, or steel tire may
be loose, thus interfering with breaking of points by causing bind.

) (4) Lack of lubrication.
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Oil level under cylinders may be low. Qil reservoir may be empty.
Rotary oil pump or sight feed distributor may be clogged. Engine may not
be up to speed, thus rendering splash.lubrication incffective to reach pistons
and cylinders. Oil screen may be clogged.

(5) Lack of circulation.

Pump and fan belt may be slipping on pulleys. Pump and fan belt may
be improperly laced. Clipper lacing is recommended. Fan may be out of
repair. Brass glands on pump may be admitting air. Rubber particles may
be clogging system. Scale may be present in circulation system. Sediment
may be present in water jackets, thus impairing circulation. Examine water
jackets for sediment every time that a cylinder head is removed and remove
if necessary. Sufficient water may not be present in water tank.

Engine Misses
229 — (1) Fouled spark plug.

Short circuit spark plugs by using wooden handled screw driver and
short circuit spark plug terminal to valve rod. When one or more spark
plugs are reached the short circuiting of which makes no difference in the
engine’s operation, remove and clean. See paragraph 196 for correct method
of cleaning spark plug.

(2) Points of spark plugs improperly set.

Points of spark plug should separate 1/64th of an inch. A wide gap
will make a “missing” cylinder.

(3) Roller No. 68 in circuit breaker may be worn.

The roller tn circuit breaker bar No. 190 should revolve true to give even
break on points. Test separation of points by revolving flywheel several times
and watching action of roller and points.

(4) Defective carbureter adjustment.

See paragraphs 156 and 157 for adjusting carbureter; see also Service
Bulletin No. 6.

(5) Loss of compression.

Valve may be stuck, or particle of carbon may be imbedded under exhaust
valve. Valves may need grinding. Valve rods may be out of adjustment,
causing incorrect opening and closing of valves. Piston rings may be worn
against cylinder, allowing compression to pass by. Piston rings may be worn
in slot, allowing too much vertical movement, thus allowing products of cqm-
bustion to pass around the piston ring. Cylinders may be worn out of round
due to dust entering through carbureter. Dry air cleaner should be used at
all times to prevent wear on cylinders.

(6) Valve may be stuck open.
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Particularly when new, valve stems should receive generous lubrication—
one-half kerosene, one-half cylinder oil.

(7) Water in distillate.

Water in the distillate is indicated by the engine running in a sputtering
fashion. Drain the carbureter and drain the reservoir in the vacuum tank.

Loss of Power

230 — (1) The engine will run but will not pull under heavy load.

The carbureter may be out of adjustment. If black smoke is present in
exhaust gases, cut down fuel till pop-back does not occur and exhaust gases
are clear. For heavy load it may be necessary to advance the needle valve
a fraction of a turn in addition. The mixture may be overlean. indicated by
pop-backs in carbureter. Increase fuel or increase the tension on the air
valve spring. The carbureter may be flooded or float stuck. Butterfly or
throttle shaft may be worn, admitting air; intake manifold gaskets or valve
stem guides may be leaking air, thus making it impossible to secure an ac-
curate carbureter adjustment. Usually the engine will overheat if air leaks
occur above carbureter.

(2) Governor may not be in adjustment.

When throttle control on steering wheel is placed at the top of the quad-
rant the levers to the governor and carbureter should allow the butterfly
valve to open full. Adjust set screw collars so that when engine is stopped
and throttle lever full open the butterfly shaft will be full open. See para-
graph 144 for correct governor adjustment.

(3) Valves not seating properly.

Valve rod should have 1/32 of an inch clearance over valve stem. See
Fig. 18 for correct adjustment. Particles of carbon may be imbedded under
exhaust valve, not allowing valves to close completely to retain compression.
Valves may need grinding.

(4) Weak ignition.

Magneto may be fouled with cylinder oil and dirt and not giving its
proper spark.

(5) Lack of oil.

Lubricating oil may be too low. Oil may be of incorrect body.

(6) Carburcter may be improperly adjusted.

Cork gasket between top of carbureter and bottom of flange carrying the
butterfly shaft may be leaking, or may not be replaced after having carbur-
eter off for inspection. Hinge on float lever may be worn. Needle valve
may have shoulder worn on it, or spray nozzle expanded too far by forc-
ing needle valve to seat when stopping engine.

“Pop-back” in carbureter is usually due to over-lean mixture, Increase
fuel, decrease air. Pop-backs may also be caused by valve rods being im-
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properly adjusted, opening inlet valve before top center is reached and ex-
haust valve is closed. Inlet valve may be stuck open.

(7) Cylinders may be worn so badly by the entrance of field or road
dust that good compression cannot be obtained even with new, accurately
fitted piston rings.

Engine Overheating

231 —  For a complete list of overheating causes, see paragraph 224. page 66.
For a complete discussion of engine overheating, see Service Bulletin No. 8.

Engine Knocks

232 — (1) Connecting rod bearings may be too loose.

(2) Crankshaft bearings may be loose. Try bearings only when engine
is hot, as oil is then thinned to operating conditions and slack is not absorbed
by oil film.

(3) 1If knock is in crankcase and knock cannot be found, try crankshaft
for a low bearing.

(4) Lack of proper lubrication.
(5) Magneto may be timed too early.

(6) Engine may be operated with spark advanced too far when mag-
neto is correctly timed.

(7) Carbon in combustion chamber causing pre-ignition of fuel vapor.

(8) Carbureter may be adjusted for normal load conditions and when
engine reaches a particularly hard spot “pinging” occurs. Increase fuel. See
paragraph 87, page 21.

(9) Overheating, due to lack of circulation water.

Master Clutch

233 —  Fig. 37 shows the master clutch for “Caterpillar” 73s from 2200 to
2763. The flange carrying the lugs with which the master clutch engages is
cast integral with the flywheel.

Between the male friction E2042 and the female frictions E2040 and
E2041, fibre washers M7410 or steel discs M5387 are p'aced to take the
wear.

Fig. 38 shows the master clutch for the “Caterpillar”™ 75 from 2764
on. The only difference between this clutch and the one shown ahove is that
the lugs engaging the master clutch are cast on the flange and this flange in
turn is bolted to the flywheel.
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Fig. 38.

Fig. 37.
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Adjusting Master Clutch

234 —  When the master clutch does not hold or when it drags in one part and
heats, it indicates that the master clutch is not in adjustment. The master
clutch adjustment for both clutches shown above is secured through three set
screws M7411 and their lock nuts.

To make the proper adjustment of the master clutch, release the lock nuts
and back off the set screws M7411; throw the master clutch lever to “IN”
position; then bring up the three set screws M7411 firmly with a wrench
without forcing the threads; set the lock nuts up firmly. This gives a good
starting place. If the clutch does not hold with this adjustment, the follow-
ing additional adjustment should be made very accurately:

With the master clutch in “in” position, back off lock nuts from set
screws M7411; then throw clutch to “out” position and advance set screws
about 1/16 of a full turn each, then set lock nuts. The master clutch should
be adjusted by trial so that it will not bind when released and will hold when
engaged.

Lubrication of Master Clutch

235 —  With the master clutch thrown to “out” position, put a couple of squirts
of cylinder oil with an oil can on both the inner and outer clutch fibres about
twice a day. However, be careful not to over-lubricate this part. In the
master clutch that employs the steel rings in place of the wood fibres, these
should be lubricated about four times a day and it is advisable to flush the
master clutch once a day with distillate or gasoline to remove any gummy
condition that exists. Be sure to apply oil on both sides of the fibres or the
steel discs. )

On the master clutch is located a grease cup not shown on Figs. 37 or 38.
This grease cup feeds oil into the cavity between E2040 and the crankshaft
to lubricate the bronze bushing E2069, which rotates over the crankshaft and
remains stationary with E2040, being held by means of a headless set screw
shown in the above figures. This grease cup should be turned up a couple of
turns at least twice a day.

Oil the friction dog pins with cylinder oil once a day.

Care of Master Clutch

236 —  Keep milled clutch M2251 (Figs. 37 and 38) and E1919 (Fig. 39), in
the discussion of the transmission, in close contact. This adjustment is made
by keeping transmission tight on frame and clamping E2422 into the desired
position.

Be sure that the three set screws M7411 are bearing equal.

Keep the friction fibres or steel discs well lubricated.

Keep the bronze bushing E2069 well lubricated in order that excessive
wear will not occur.
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- If the master clutch chatters, it may be that the headless set screw backed
' off and allowed the female friction E2040 to rotate on the bronze bushing
E2069 instead of on the crankshaft. The remedy will be to replace E2069

with a new bushing.

Occasionally flush the discs with distillate or gasoline to cut any gum that
may have accumulated.

Installing Wood Fibre Rings in Clutch

: 237 —  If the outside wood fibre ring in the clutch is worn out, it does not neces-
sarily mean that the inside one is worn also. Experience has shown that the
inside ring outwears the outside one sometimes four to one. The steel discs
wear much slower if properly lubricated. The following method holds for
steel disc replacement as well:

If the outside ring is worn and you wish to replace it, it is necessary to
disassemble the clutch shifter, remove the bolts from the clamp collar E2422
on crankshaft extension No. 1 or M2251. Now slide crankshaft extension

’ No. 1, M2251, forward into the master clutch. This will provide an opening
in the milled clutch. Dismantle the friction dogs E2043, remove female fric-
tion E2041 and remove from the clutch assembly through the opening in
the milled clutch, insert the fibre ring through the opening in the milled
clutch and over the crankshaft extension No. 1 and place in position. Re-
place female friction E2041, friction dogs and replace M2251 into position.

If both fibres are to be inserted, it is necessary to do as above and also
place a bar between the female friction E2040 and the spokes of the flywheel
and pry the clutch back until the universal bearing E2069 slides off the end

. of the crankshaft. The clutch assembly can now be lifted out as a unit and
disassembled for inserting the fibres.

Transmission

238 —  The engine and master clutch is connected to the transmission by crank-
shaft extension No. 1, M2251, and milled coupling. Crankshaft extension
No. 2 extends from milled coupling E1919 to the bevel pinion M823 or
M2347. The milled coupling is placed between the master clutch and trans-
mission to provide flexibility and also to provide means to remove the
master clutch,

A two-speed low transmission means that the high gear is direct drive,
and the low gear is a lower ratio. A two-speed high transmission means
that the “low” is direct drive while the high is a higher ratio.
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For low speed
work E2050
drives E2052.
E2052, being
keyved on the
change speed
shaft, drives slid-
ing gear E2053,
and when en-
gaged with
E2051 drives
crankshaft exten-
sion No. 2, which
drives the bevel
pinion M2347 at
low speed.

E2051 is a
gear that carries
a double three-
jaw clutch and
slides over crank-
shaft extension
No. 2 on a key.

For direct
drive, E2051 is
engaged with gear and sleeve E2050, E2053 being disengaged. E2051 thus
drives crankshaft extension No. 2, turning through the transmission without
any other gears doing work. All gears in case are running idle when trans-
mission is in direct.

For reverse, E2051 is engaged with E2179 for final drive. The load is
applied through sleeve E2050 and E2071, being keyed on E2050, transmits
power to bevel gear E2072 and in turn to bevel gear E2179. E2179 drives
E2051, thus reversing the direction of the pinion M2347.

Fig. 39 shows a view of a two-speed transmission.

Care of Transmission

239 —  The transmission must be kept tight on the channels and not allowed to
“float.” If the bolts are allowed to get slack, the bevel pinion will get out
of correct mesh on the bevel ring gear of the countershaft assembly and
serious damage may result. When examining the transmission for depth
of lubrication, be sure that the hand hole is wiped scrupulously clean so that
no dirt will be put into the lubricating oil. All bearings in the transmission are
poured from armature metal made to specification.

Fig. 40 shows a cross-section view lengthwise of the transmission.
The bevel pinion must have no end play. The thrust is taken care of by
ball thrust collars E2098 and E2133. If end play should develop, it may be
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Fig. 40

that the washer M1470 does not seat up against the bushing B106 or that
the cap screw M1469 has become unlocked.

o L ow
Shifting Positions

240 — Fig. 41 shows the H slot for a two-speed low
transmission. Pull shifting lever from neutral towards
right and back for “low.” Shove shifting lever from L
neutral towards left and back for “reverse”’—and for- Rleverse
ward for “high.” The same relation of shifting exists
with a two-speed high transmission, except that “low”
is direct and “direct” is “high.”

Lubrication of Transmission Direct

241 —  The transmission should be lubricated at all times
by a fluid straight mineral oil and never under any
circumstances should a semi-fluid grease be used or a
dope that is made by the mixture of part cup grease
and part cylinder oil. The teeth of the transmission
gears have to transmit enormous pressures and the “—W
correct oil must be supplied that will not squeeze out
between the teeth and allow metallic contact under working conditions.

'Fig. 42 (see page 13) shows the correct oil level for the transmission of
the “75.” The gears on the change speed countershaft should barely dip.

600W Steam Cylinder Oil is sometimes used for transmission lubrica-
tion, but its use is not recommended, as it contains animal fat. ‘“Cater-
pillar” Transmission Oil has been especially developed to stand up, under
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the heavy pressures and circulate through the bearings rapidly enough to
carry away the heat generated. Under no circumstances use anything other
than a straight mineral transmission oil.

Drain and Wash Transmission

242 — A plug is placed in the bottom of every transmission case for the purpose
of draining off the oil. If the transmission oil becomes fouled, the old oil
should be drained off, the plug replaced and the transmission case filled with
kerosene; place gears in neutral and revolve for thirty seconds. Drain and
replace with clean transmission oil.

Causes of Transmission Heating

243 — In case that a transmission heats, there are three likely causes in the
lubrication to account for it.

First: The wrong kind of lubricant (a mixture other than straight
mineral oil, such as a semi-solid grease or a mixture of cup grease and
cylinder oil or an extremely heavy oil) may be used and heating will result
as the lack of efficient lubrication.

Second: The oil level may be too high. If the oil level of the transmis-
sion 1is too high, even with the correct mineral transmission oil, heat can be
generated very rapidly by the gears churning the oil over and causing it to
heat by internal friction. The oil level in the transmission should only touch
the bottom of the change speed gears. This will make the oil level in the
transmission approximately one-quarter full.

Third: The oil may contain grit and dirt that will stop up the returd oil
grooves of the bearings. In the case of the mixture of cup grease and cylin-
der oil (depending upon the material that the grease was constructed out of
in the first place), the oil grooves may be packed solid with fibre, mica,
graphite or other mineral products. Ncver use Gear Dope in the transmis-
sion of any “Caterpillar.” Necver use any pinion lubricant in a transmission.

The Countershaft Assembly

244 —  The countershaft assembly comprises the countershaft and all the parts
that work on it. The countershaft assembly receives its power from the
bevel pinion on the transmission through the bevel ring gear E2090. The
feature of the countershaft assembly is the ability to throw one side or the
other of the track out of motion, enabling the operator to apply all the
power of the tractor on one track when required. Fig. 43 shows a cross-
section of the countershaft assembly.
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Fig. 43. Countershaft Assembly
E1786 Shaft cap. M7265 Eye bolt. . E1939 Bearing.
F2619 Bearing. M7426 Shifting yoke. M7463 Eye beam.
E2618 Countershaft bearing cap.M7252 Countershaft. M4737 Eccentric pin.
M7465 V frame. 22685 Friction slide, left. E2598 Friction sleeve.
E2135 Frame post. E2090 Bevel ring gear. £2002 Counter main sprocket.
E2027 Friction segment. E1929 Friction wheel. M7427 Shifting yoke.
M1471 Eye bolt. E2089 Flange coupling. E2028 Shifting ring.
E2328 Turnbuckle. E1940 Cap. E2684 Friction slide, right.

The right half of the figure shows a cross-section through the friction
arm E2598 while the left-hand view shows the turnbuckles. Power is ap-
plied through the bevel ring gear E2090 on the left-hand side of the figure
and is transmitted to the friction wheel E1929 through the flanged coupling
E2089. By means of the shifting lever located on the left of the driver’s
position, either track may be thrown out of motion by releasing the friction
segments E2027 from engagement with either driving surface.

Adjustment of Friction Members

245 —  The friction members of every tractor are correctly adjusted when leav-
ing the factory. After a period of use the camel’s hair lagging on the fric-
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tion segment E2070 will flatten out a little and necessitate an adjustment to
prevent slip. The members directly concerned in making the friction adjust-
ment are turnbuckles E2328, shifting ring E2028 and friction slides E2684
and E2685.

Turnbuckle Adjustment

246 —  On one turnbuckle on the right hand side and on one turnbuckle on the

left hand side, wrap a piece of tape where it will not interfere with adjusting
so as to distinguish this turnbuckle from the one on the opposite diameter |
on the same side to prevent mistakes in adjusting one turnbuckle twice when |
not intended. In making a turnbuckle adjustment always slack off both turn- |
buckles E2328 on one side. Throw the friction slide i and with the unaided
hand bring the turnbuckle up as tight as possible. Then with a wrench give
both turnbuckles about 1/16 turn each, set the lock nuts tightly and try the |
shifting lever. When the adjustment is correctly made, the friction slides !
should go past center with a snap, should not bind and should not requirc ‘
more strength to move the shifting lever than ordinarily exerted in three |
fingers of one hand. However, this does not end the adjustment. 7The fric-
tion slide has to ride true on the countershaft over which it slides on a key.
If one turnbuckle is tighter than the other, the friction slide will bind on the
friction sleeve on the opposite side. To determine this, smear the friction
arm bearing over which the friction slide slides with a thin film of oil, move
the shifting lever five or six times and observe the path or track under each
turnbuckle attachment. Slack off or take up between the two turnbuckles
until the friction slide rides true on the friction arm. A correct adjustment
cannot be made by adjusting one turnbuckle only and paying no attention to
truing the friction slides. ’

The Shifting Ring

247 —  The shifting ring E2029 should last as long as the “Caterpillar,” but it
is the first member subjected to wear if the turnbuckle adjustment is made
wrong. The shifting ring should “float” when the friction slide is thrown
in with the shifting lever. Refer to Fig. 44.

By “float” is meant moving the lever arm at the point B up and down.
The shifting ring should move with it and should not bind in any part. The
turnbuckles going past center should transmit the force on the friction slide
and bear against the shoulder on the friction arm. As a consequence, the
shifting ring has no work to do except to move the friction slide “in” or
“out” past center. If the friction clutch is riding true on the countershaft
and the shifting ring binds when the clutch is “in,” the following adjustment
should be made:

In Fig. 44 you will notice the part called “eccentric adjustment.”~ With
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Fig. 44

this eccentric you can lengthen or shorten the travel of the lever arms B, C
and D. This device sets on a set of corrugations and its position can be
altered to secure the desired adjustment. When the friction slide is “in,”
move the position of the eccentric till a point is reached where the bind on

the shifting ring is released. Then lock eccentric adjustment into position.

Except in shifting, the shifting ring has no work to do and it should not
cut or bind. However, it should be kept well lubricated by screwing the
grease cup on each side a couple of turns five or six times a day.

Eccentric Adjustment in Heel of Friction Shoe

248 —  After a year or so of wear, the camel’s hair lagging may not come in
good contact with the drive wheel rim. An eccentric adjustment is provided
in the heel of the friction segment so that the lagging can be brought into
equal contact on the end of the friction segment opposite the turnbuckle.
Refer to Fig. 45.

To make this adjustment, loosen the nut on the end of the friction seg-
ment which will release the eccentric shaft. Insert a piece of (sheet; tin
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about the thickness of an
ordinary tin can between
the wheel surface and the
top of the camel’s hair
lagging (to prevent too
close an adjustment),
throw the friction slide
“in” and move the ec-
centric till the camel’s
hair lagging comes into
close adjustment. This is
an adjustment that is sel-

Fig. 45. Eccentric in Friction Segment. dom required.

Eccentrie
A{/‘uctrncnf

Lubrication of Countershaft Assembly

249 —  The countershaft is supported on three main bearings in which grease
cups are fitted. One bearing is at each end of the countershaft and one
bearing is on the flanged coupling E2089 in the exact center of the counter-
shaft. A good, medium grade of cup grease should be used and the grease
cups should be turned up once every hour. The friction arms rotate over
the countershaft and move with it except at such times as one track or the
other is thrown out of motion. Little holes are located directly under the
friction slide and the clutch has to be thrown to “out” position to apply
lubrication. To lubricate these parts, it will be necessary to move the tractor
till the oil holes point up. Apply cylinder oil to these holes and be sure that
the oil finds its way in, as neglect of this part will cause the friction arm to
cut on the shaft M7252. The oil holes are shown on the right half of Fig.
43. Apply oil to these holes under each friction slide once an hour. Bevel
ring gear and pinion must be lubricated with “Gear Dope.” Place a quantity
of “Gear Dope” in small can and place near cylinders. When thin enough to
pour, apply an even, thin coat every 214 hours.

- Flange Journal

250 —  Power is received from the countershaft assembly and transmitted by
the first motion chain to the flange journal. The flange journal in turn
transmits power to the track. Fig. 46 shows the flange journal assembly for
the “75.” The flange journal proper does not include the bolted-on first
motion or track drive sprockets. The flange journal is different lengths, de-
pending upon the width of track used.
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Both flange
journals rotate
free over the drive
shaft and in turn-
ing corners act as
a differential when
the clutch is disen-
gaged on the
countershaft as-
sembly for the
particular side.

Bronze
Bushings

251 — Manganese
bronze bushings
are forced into the
hubs of the flange
journal and areac-
curately reamed to
size. These bronze
bushings may wear
in time due to the lack of attention to lubrication on the part of the operator.
and the entrance of dirt. The bronze bushings are anchored to the hub of
the flange journal by bronze studs.

Fig. 46. Flange Journal with sprockets bolted in place

Split Collars

252 —  Split collars are placed on the drive shaft and against the hub to take
the thrust. This collar is shown at the extreme right of the flange journal
hub in Fig. 35, page 72a, but the part number is not given. The split collar
is clamped on the shaft and set with set screw. It can be varied in position
as required.

Sprockets

253 —  The sprockets for both first motion and track chains are made of chilled
iron which forms a very hard, long wearing surface. These sprockets are
accurately machined and are bolted to the flange journal with drive-fit bolts.
If the operator should ever have occasion to remove either or both of these
sprockets he should apply a coating of white lead to the bolts when reas-
sembling.

Track Drive Sprocket Teeth

254 —  The track drive sprocket contains two sets of teeth that have different
depths. An examination of the sprocket near the right edge of Fig. 46 will
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disclose that every other tooth is deeper than the one next to it. H hen the
“Caterpillar” is new the track space block is meshed in the deep tooth. As the
track bushings wear and the end of the adjustment on the thrust rod M7166,
Fig. 36, page 72a, is reached, the track space blocks can be made to mesh in
the shallow tooth, thus giving much additional wear and range of adjustment.

Lubrication of Flange Journal

255 —  The lubrication of the bronze bushings is effected by means of grease cups
located at each end of the flange journal. The bronze bushings at each end
of the hub do not meet and the space between forms an oil reservoir, to
which the cup grease gains admission by the grease groove. \Vhen the
“Caterpillar” is stopped, the grease cups may not be in position to be con-
veniently reached and it will be necessary for the operator to move the tractor
forward a little. The flange journal should receive adequate lubrication at
all times, and the operator must be careful not to allow dirt to gain admission
to the cup grease when filling cups.

The babbitted boxes E2020 and E2045, Fig. 35, page 72a, within which
the flange journal revolves, have grease cups located on the side toward the
end of the tractor. One of these grease cups will be located on the outside
rear of the tractor and the others (depending upon width of flange journal
and track) will be located on the boxes.

NEVER USE AN EXTREMELY HARD GREASE ON THE
FLANGE JOURNAL. Use a medium cup grease. ‘“Caterpillar” Cup
Grease has been especially developed for all parts of the tractor and its use
at this point, particularly, is recommended.

First Motion Chain

256 —  From the countershaft assembly, power is transmitted by two large steel

chains, called the first motion chains, to the flange journal. These chains
provide a flex-
ible drive. Fig.
47 shows a view
of the built-up
steel chain. The
pins are one and
one-eighth  cold
rolled steel,
drilled, milled,
case - hardened
and polished.
The side bars of
the links are one-half inch thick and two and one-half inches wide, machine
steel, heat treated.

Fig. 47
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Keep First Motion Chain in Line

257 — To prevent wear on the first motion chain the counter main sprocket
E2002 should be kept in line with the first motion sprocket E19%9. Refer
to Fig. 35, page 72a. Wear may occur on thrust collar E2485 that will-allow
the flange journal to float, thus producing wear of the space blocks and side
bars of the chain. Inspection of E2485 should be made at regular intervals,
and the replacement of this part made when required.

The babbitt in the bearing E2045 and the cap E2020 may be worn so
much that the flange bearing will be loose in the bearings and side movement
about these parts allowed. This will produce a twisting motion on the chains
and will cause wear. These boxes should be rebabbitted when necessary. If
the cup grease is kept scrupulously clean and present in generous amount
wear should not occur.

Lubrication of First Motion Chain

258 — The lubrication of the first motion chain is effected by putting oil in the
pan E2059, Fig. 35, page 72a, and allowing chains to dip in it. The first
motion chain is covered with a sheet metal housing, thus excluding all dirt.

CRUDE OR FUEL OIL MUST NEVER BE USED TO LUBRI-
CATE THE FIRST MOTION CHAIN, AS SUCH OIL CONTAINS
SAND IN VARYING AMOUNTS. If the crankcase and oil reservoir of
the engine are drained at the required intervals. the used oil, caught in a con-
tainer, allowed to settle and the top poured off, makes the best agent to use
on the first motion chain. If this supply of oil is not sufficient to run between
periods of crankcase draining, it is best to supplement the quantity by adding
some cylinder oil. :

-

Wash First Motion Chains Occasionally

259 — It is advisable to wash the first motion chains at intervalg, thus removing
any possible grit that may cause cutting on the pin in the space block. A
plug is provided in the bottom of E2059, which may be removed to allow
the oil to drain on ground. Replace plug, fill pan with kerosene and work
the tractor for one hour. Drain, allow to stand for a few minutes so that
kerosene will drain off chains and refill with oil. Time devoted to keeping
the oil clean and keeping the chains in line is time well invested.

“Caterpillar” Track

260 —  Refer to Fig. 36, page 72a, showing the sidé view of the “Caterpillar”
75. In a general way the track may be described as consisting of four
truck wheels, two with outside flanges E1931 and two with inside flanges
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E1932, mounted in a truck frame and free to rotate on the pivot shaft
M7212, which carries the weight of the tractor and distributes it to the track
rails and plates; a continuous flexible track upon the inner rail-like surface
of which these truck wheels run; track drive sprocket E2063 to drive the
tractor forward and track carrier rollers E2095 to carry the track and track
idler E1917 to lay the track down again in front of the truck wheels. The
thrust rod M7166 is for the purpose of keeping the track at the proper
tension.

The flange journal E2436, to which the track drive sprocket is bolted.
receives the power transmitted through the first motion chain. The flange
journal in turn rotates free over the drive shaft and is held rigidly in place
by the babbitted boxes and braces.

Tracks

261 —  The track itself is made up as follows: (1) High carbon forged plow

steel shoes which rest on the ground and give the gripping surface; (2)
machined, steel track links; (3) case-hardened sleeves, or spacing blocks,
forced into the pairs of track links under pressure; (4) large, full round
case-hardened track pins, which hold the assembled track links together,
passing through the spacing blocks; (5) sleeves, or spacing blocks, forced
into the pairs of track links under pressure; (6) large, full round case-
hardened track pins, which hold the assembled track links together, passing
through the
spacing blocks.
Fig. 48, read-
ing from right
to left, shows
track side bars,
track space block
and washer,
track pin and
cotter key, and
assembled track
links.

The side bars

Fig. 48 forming the twin

rails over which

the truck wheels roll are heat-treated to increase wear and strength. The
links are built high with open sides so that dirt and foreign material which
may fall in the track will be forced out by the teeth of the track drive
sprocket. The links are held equal distances apart by machined and case-
hardened steel track space blocks, which are forced into the ends of the track
side bars. The links are then held together by machined case-hardened pins
which are thrust first through the link on one side, then through the, space
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block and finally through the link on the other side where the cotter key is
placed to hold the link firm. An “L” head is used on the pins to keep them
from turning and wearing the link. '

Keep Track Equally Adjusted on Centers
on Both Sides of Tractor

262 —  The drive shaft carrying the flange journal and track drive sprocket 1s
mounted rigidly at right angles to the axis of the tractor. The idler shaft
that carries the track idlers E1917 can slide along the frame when the adjust-
ment is made on thrust rod M7166. MARK THE CENTERS OF THE
CAP ON THE HUB OF THE TRACK DRIVE AND IDLER
SPROCKETS WITH A CENTER PUNCH. When an adjustment is
made on M7166 to take up slack, measure the distance between these points
on both sides of the tractor with a steel tape or straight edge, and bring
centers to equal distance.

The track idler shaft which goes clear through the frame slides along
the frame by guides, and if the distances hetween the track drive and idler
sprocket centers are not equal on both sides, the track idler shaft will then
be at an angle across the frame, which will make the track out of line and
can cause the track to cut on either side of the track idler or cause undue
wear of the flanges of the truck wheels against the rail surfaces. If the dis-
tances on centers are always kept equal the track will always be in line.

To Adjust the Track

263 —  After a period of use the track will be in need of adjustment to take up
undue slack. This adjustment is made by unbolting the keeper on the thrust
-rod nut on M7166 and with a wrench provided for the purpose the operator
can force the track idler E1917 forward the desired distance. The track
should not be run too tight nor too loose. The average operator adjusts the
tracks so it is possible to lift the track clear of the track carrier rollers by
backing up to it, putting the hands at the small of the back and gripping the
track shoes, lift the track. When the tension is at the desired point, measure
the distances between the centers of the hubs on both sides and split the dis-
tance so that the distances between the centers of the track drive and idler
sprockets are the same on both sides.

To Adjust When One Track is Longer
Than Other

264 — In the course of time one track chain will stretch much more than the
other, due to continual turning in one direction, and it may be difficult to
keep this adjustment equal without having one track unduly loose. When
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this condition occurs, open the track at a link aimost in line with the thrust
rod on the idler sprocket on both sides of the tractor, back the tractor
up so as to lay all the track down in a straight line. With a steel tape
measure the overall distances between the center of the hole in the track
shoe on one end and the center of the pin on the other, of both tracks. With
the length of the two tracks determined, measure back on the short track and
. determine what number of links will be necessary to interchange with the
other track to make both tracks of equal length, cut the tracks at the desired
point and interchange part of track. At least one-half of the track is re-
quired, but it may be determined that one or two links either side of center
is the length required. The final result should give approximately the same
length to both tracks.

Many operators make it a practicc of changing sides of the entire track
once a month, thus producing equal wear on both tracks.

To get the track connected again, with a light bar and a block of wood,
pry one of the track links into correct contact with the teeth of the track
drive sprocket. At this point, however, it must be noted that every other
tooth in the track drive sprocket is deeper than the one immediately adjoin-
ing it. This is for the purpose of providing adjustment to take up, track
wear when the track has been worn a long time. The space blocks of the
track are meshed in the deep teeth when the tractor is new. \With a light
chain through both side bars and over the track drive sprocket E2063 for
the purpose of starting the track up and over the top of the sprocket, start
the engine and move tractor forward slowly till the chained link is at the
top of the track drive sprocket, at which point the chain should be taken off
and with the tractor moved forward very slowly the free end of the track
chain can be guided by a fairly heavy bar over the track carrier rollers and
track idler sprocket. Two men are usually required for this adjustment.

Turn Space Block Over When Worn

265 —  When the space blocks between the links are worn it is possible to dis-

assemble the tracks, turn the space block over and present a new surface,
thus giving double wear to a space block. \When the space blocks are turned
any pins that show undue wear should be replaced.

Lubrication of Track

266 —  The only time that the tracks can be lubricated is when the tractor is in

motion. The tracks should be well flooded with black oil about once an
hour ; however, many operating conditions vary and the engineer has to use
his judgment in most cases. CRUDE OR FUEL OII. SHOULD NEVER
BE USED FOR TRACK LUBRICATION, AS THEY CONTAIN SAND
IN VARYING AMOUNTS AND HAVE NO DIRECT LUBRICATING
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VALUE. In addition crude or fuel oil will build up a deposit of asphaltum
on the outside of the track side bars and prevent the entrance of oil to the
space block and pin. As long as the track pin and space block have a film
of oil, additional lubrication will not be required. A better quality of oil
than crude or fuel oil will give longer lubrication, a less quantity will be re-
quired and the wear on the track will be reduced to a minimum. The track
oil is carried in two reservoirs on either side of the tractor and is dis-
tributed to the tracks by hose connections. A valve governs the flow of the
oil. '

Truck Frame Assembly

267 —  The truck frame assembly consists of the truck top plate. truck side plates,

ship channel and boxes to attach to pivot shaft, truck wheels, gudgeons and
attachments, and sand collars. The truck frame construction of “Caterpillar”
75s prior to Caterpillar No. 2588 is different than the truck frame shown
in Fig. 36, page 72a, in that the

bracket E2708 is not used, but the

gudgeons M6193 are mounted di-

rectly in the truck side plate. Fig.

49 shows a top view of truck

frame assembly. Fig. 50 shows

an end view of the truck frame

assembly.
L1131 —
Fig. 49 Fig. 50
Keep Truck Frame in Line
268 — It is very necessary to keep the truck frame in line with the frame of the

tractor and in addition to keep the truck rollers in line with the track. To
line up the truck frame with the main frame and track drive sprocket refer
to the extreme right of Fig. 49. With a center punch mark the center of a
tooth in the track drive sprocket nearest the truck wheel. Mcasure the dis-
tance between the inner edges of the truck side plates as indicated in the
figure. The center of this distance should coincide with the center of the
track drive sprocket tooth. If this distance is unequal it will be necessary to
alter the position of the truck frame by making an adjustment on the turn-
buckles and bridle rods to the point where the center of the tooth will make
distances B equal.
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Adjusting Truck Wheels on Line With Track

269 —  After a long period of use, the hubs of the truck wheels may wear so
that the truck wheels will be out of line on the track. When this condition
arises, the truck wheels will have to be washered into line. Commence this
adjustment by placing the thrust rods on equal centers as outlined in para-
graph 262. Be sure that the truck frame is in line as outlined in paragraph
268. Place the truck wheels in line with a light bar. Remove one gudgeon
at a time and insert sufficient case-hardened truck wheel washers to hold
the truck wheel in line on the gudgeon and on the track. The truck wheel
should be watched so that when adjustment is necessary washers can be
placed on each side of the hub of the truck wheel. Do not washer one end
without providing washers at the other.

To Remove Gudgeons

270 —  Refer to Fig. 36, page 72a. The gudgeon M1693 is made of steel, case-
hardened and ground, and contains a lip that fits over the truck side plate
channel to keep it from rotating. To remove a gudgeon in tractors equipped
with bracket E2708 as shown in above mentioned figure, it will be necessary
either to jack up the frame of the tractor by applying a jack screw under the
frame and at the rear of the tractor or to back the tractor partly up on a
timber (sometimes an engineer piles up a mound of dirt) to relieve the
pressure on the gudgeon which it is necessary to remove. Loosen the
bracket E2708 on opposite side of truck frame enough so that the lip of the
gudgeon can be disengaged from the truck side plate channel. In some cases
it may be necessary to slack off the thrust rod M7166 to get sufficient slack
in the track to relieve the pressure on the track frame when the tractor is
backed up on a piece of timber or mound of dirt.

To Remove Truck Wheel

271 —  Jack the tractor up by applying a jack screw under the frame at the rear
of the tractor or run the tractor up on a piece of timber so that the weight
is relieved from the truck frame assembly. Proceed as in the paragraph
above outlined for removing gudgeon except remove the entire truck side
plate by unbolting the bolts. Remove truck wheel, by using a light bar and
prying. It is not necessary to open the track to remove any truck wheel.

Sand Collars

272 —  Sand collars M7235 are placed at each end of the hub of every truck
wheel to exclude the entrance of sand to the gudgeon. It is vital that these
sand collars be kept in place and replaced if worn or damaged. An operator
should make frequent examination of the truck frame to determine the con-
dition of these sand collars.
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Lubrication of Truck Wheel

273 —  The truck wheel hub contains a manganese bronze bushing forced in
from each end of the hub and accurately reamed to size. The ends of these

bushings do not meet, thus forming an oil reservoir.  The gudgeon M6193
is drilled so that grease is directly applied to this oil reservoir and then dis-
tributed over the gudgeon by means of the oil grooves cut in the bushing.
The operator should keep the truck wheels well lubricated at all times by a
generous supply of clean “Caterpillar” Cup Grease or a grease of equivalent
grade. The operator should always be sure that the oil reservoir is filled
with grease so as to have the starting point for efficient lubrication. The
grease cups should be filed and screwed down as often as may be required
until the grease commences to come out of the end of the hub of the truck
wheel. When this condition is established but one or two turns of the grease
cup per hour will be required. KEEP GREASE IN AND KEEP DIRT
OUT. If for any reason the gudgeon and truck wheel do not take lubrica-
tion, remove the gudgeon and make an examination and remove obstruction.
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MISCELLANEOUS DATA

Relatlon of Size and Speeds of Driving
and Driven Pulleys

Let D equal diameter of driving pulley.
“ d equal diameter of driven pulley.
“ R equal revolutions per minute driving pullcy.
" “ r equal revolutions per minute of driven pulley.

Then
d equals D xR divided by r d DR

t equals Dx R divided by d DR
—
D equals d xr divided by R b dr

R equals d xr divided by D dr

The stationary shaft speed of the “75” is 362 revolutions per minute at
550 R. P. M. of engine. The standard pulley furnished is 16 inches in
diameter.

With the above equipment suppose it is desired to run a certain shaft at
1000 revolutions per minute and it is required to determine the diameter of
the small pulley.

d=D x R divided by r.
362 X 16 ____5‘79”'

1000
be necessary to use a 6-inch pulley.

As pulleys are only made in standard sizes it will
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Suppose it is required to drive a pump the shaft speed of which is 1400
revolutions with a 6-inch pulley and the pulley cannot be changed, and it is
necessary to get a new one for the stationary drive shaft of the “Caterpillar.”
The speed of the stationary drive shaft as before stated is 362 R. P. M. at
550 R. P. M. of engine.

D==d x r divided by R.

1400 x 6

362
being obtained in 16, 18, 20, 22, etc., inches diameter, thus an 18-inch pulley
would have to be used.

=17.6". Large pulleys advance in diameter by 2 inches,

Increasing Speed of Driving Pulley by Lagging

It is possible to increase the belt speed by lagging the driving pulley with
leather or rubber belting. Lagging the driven pulley, however, will reduce
the speed.

Plowing Table

ACRES PLOWED PER TEN-HOUR DAY.

Tlo:‘alf I SPEED oF TRACTOR, MiLes PeEr Houk.
No. Shares—  widtho

of Widthin catin | 13 2.00 2.25 2.50 3.0
Bottoms. inches. inches. acres. acres. acres. acres. acres,
b o i e 10 10 1.5 2.0 2.25 2.5 3.0
12 12 1.3 2.4 2.7 3.0 3.6
14 14 2.1 2.8 3.15 3.5 4.2
2 et s e e e erer e creaens 10 20 3.0 4.0 4.5 5.0 6.0
12 24 3.6 4.8 5.4 6.0 7.2
14 28 4.2 5.6 6.30 7.0 8.4
3 e e 10 30 4.5 6.0 6.75 7.5 9.0
12 36 5.4 7.2 8.1 9.0 10.8
14 42 6.3 8.4 9.45 10.5 12.6
Bt e e e e s e 10 40 6.0 8.0 9.0 10.0 12.0
12 48 7.2 9.6 10.8 12.0 14.4
14 36 8.4 11.2 12.0 14.0 16.8
B it e e e e s 10 50 7.5 10.0 11.25 12.5 15.0
12 60 9.0 12.0 13.5 15.0 18.0
14 70 10.5 14.0 15.75 17.5 21.0
6 e e et e e 10 60 9.0 12.0 13.5 15.0 18.0
12 72 10.8 14.4 16.2 18.0 21.6
14 84 12.6 16.8 18.9 21.0 23.2
20U U 10 70 10.5 14.0 15.75 17.5 21.0
12 84 12.6 16.8 1R.9 21.0 25.2
14 98 14.7 19.6 21.05 24.5 29.4
B e e e e s 10 80 12.0 16.0 18.0 20.0 24.0
12 96 14.4 19.2 21.6 24.0 28.8
14 112 16.8 22.4 25.2 28.0 33.6
D ettt ettt nnaee 10 90 13.5 18.0 20.25 2255 27.0
12 108 16.2 21.6 243 27.0 32.4
14 126 18.9 25.2 28.35 31.5 37.8
100 e 10 100 15.0 20,0 225 25.0 30.0
12 120 18.0 24.0 27.0 30.0 36.0
14 ) 140 21.0 28.0 3L5 35.0 42.0
12 i i s 10 120 18.0 24.0 27.0 30.0 36.0
12 144 21.6 28.8 32.4 36.0 43.2
14 168 25.2 33.0 37.8 42.0 50.4
T4 s e 10 140 21.0 28.0 31.5 35.0 42.0
. 12 168 25.2 33.6 37.8 42.0 50.4
29.4 39.2 44.1 49.0 388

419

!
I
|
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