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ACKN O W LED G M EN TS



ϥntroduction



ĕ FRIEND, FARM ER, AND REPAIRM AN BUTCH REYNOLDS



C H A P TE R  O N E



Parts



Fasteners

Bolts, Nuts, and W ashers
Bolts

Nuts



W ashers

Four ϥm portant Things to Know  about Bolts

1.

2.

3.
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4.

Rivets
M achine rivets



ABOVE: r iv e t s

Clips, Cotter Pins, and Keys
Clips 

hitch pin clip,

ABOVE: h it c h  p in  a n d  c lip



Cotter pins 

ABOVE: c o t t e r  p in s

Keys

half-m oon
W oodruff key

set screw



Zerks

Also called a grease fitting, a zerk consists of a round head
w ith a spring-loaded ball valve w hich looks like the tip on a
ballpoint pen. It is attached to a hollow , threaded shank that
screw s into a port in the equipm ent w herever grease needs to
be delivered to m oving parts.

ABOVE: z e r k s



Spring Clips
spring clip

spring clip tool

Springs
Springs

Spare Parts to Have on Hand

Available at farm  equipm ent stores, and m any hardw are and
auto supply stores:

Selection of bolts, nuts, and w ashers (purchased or
scavenged)

Selection of rivets if any of your equipm ent has rivets

Selection of cotter pins

Selection of zerks



Selection of chain links

Extra hitch pins w ith clips

Selection of hose clam ps

Selection of bushings and spacers (purchased or
scavenged)

Available from  equipm ent dealers or from  the m anufacturer:

Spare belts (specific to each m achine)

Air and oil filters (specific to each particular engine)

Spark plugs (specific to each particular engine)

Parts that frequently need replacing on your equipm ent,
such as rake teeth, cutter bar sections, cultivator sw eeps,
e t c .

W heels and Shafts

shafts
axle

spindle

Tires



Universal Joints

A universal joint (m ore com m only referred to as a U-joint)
creates a flexible joint betw een tw o shafts. The ends of the
shafts are U-shaped and connected by a m etal cross w ith
bearings at each corner w here it attaches to each of the legs
of the U-shaped ends. The bearings allow  one shaft to turn
freely side to side and the other to m ove freely up and dow n,
allow ing changes in the angle, all w hile the shafts are spinning
in unison. U-joints should be greased diligently.

ABOVE:U-joints allow  a rotating shaft t o  b e n d  a s  it
r o t a t e s ; t h e y  a r e  c o m m o n  o n  f a r m  e q u ip m e n t . K e e p  t h e m
w e ll g r e a s e d  a n d  s t a y  c le a r  o f  t h e m  w h e n  t h e y ėr e  t u r n in g :

t h e y  c a n  s n a g  lo o s e  c lo t h in g  o r  la c e s  a n d  t w is t , t e a r in g
f a b r ic  a n d  f le s h .

Pulleys and Sprockets



Pulleys and Sprockets
pulley sprocket

Gears
Gears

PTO Shaft

pow er takeoff (PTO) shaft

Clutches



Clutches
clutch

slip clutch

Belts and Chains

Belts and chains are com m on on all types of equipm ent, and
they loosen, w ear, and break fairly often. Both function by
being w rapped around tw o w heels (pulleys or sprockets), one
of w hich is turned by the engine or m otion of the w heels,
m oving the belt or chain, w hich then turns the pulley or
sprocket at the other end, w hich is attached to and turns a
w orking part of the im plem ent.

Rubber belts m ay have a V-shape in cross section and then
are called V-belts, but there are other types, and itės im portant
to replace a bad belt w ith another of precisely the sam e length
and shape. Very old equipm ent m ay have leather belts; apply
spray-on leather-belt conditioner to m ake these last. Chains
m ust be sized to fit the sprockets; theyėre used w here no
slippage is w anted (belts allow  for a little slippage).



ABOVE:Belts can change t h e  d ir e c t io n  a n d  s p e e d - t o - f o r c e
r a t io  o f  p o w e r . T h e y  r e ly  o n  f r ic t io n  t o  t u r n  p u lle y s , s o  t h e y

m u s t  b e  t ig h t  a n d  f r e e  o f  g r e a s e  a n d  o il.

Bearings and Bushings

Bushings

Bearings
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ABOVE:A typical ball-bearing assem bly c o n s is t s  o f  f iv e  b a s ic ,
a n d  t ig h t ly  p a c k e d , c o m p o n e n t s .

Hoses, Lines, and Parts Specific
to Farm  ϥm plem ents

zerk



Hose clam ps



C H A P TE R  TW O



System s



Fuel System



Two-Cycle vs. Four-Cycle Engines
four-cycle

Tw o-cycle engines



S C H E M A T ϥ C  O F  F U E L ,
A ϥ R ,  A N D  E L E C T R ϥ C A L

S Y S T E M S





Valves

Valves are m etering devices for liquids and gases, w hich
operate inside a line or cham ber that contains the fluid,
forcing it to pass through the valve. Theyėre found in several
places in different system s. Hydraulic controls are valves, as
are the choke and carburetor float valve in the fuel system ,
com bustion valves at the cylinders, and the therm ostat in a
coolant system .

Electrical System

solenoid



m agneto

Engine Lubrication and Cooling



radiator

Air ϥntake and Exhaust

carburetor

air intake system
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Power Transm ission

transm ission

Ground-Driven Power

Som e sm all or very old im plem ents are ground driven instead
of being pow ered by the engine. The act of pushing or pulling
the im plem ent over the ground supplies all the pow er needed.
The sim plest exam ple of this is the drag, w here the friction of
the im plem ent ĕ  w hether itės m ade of a fram e w ith teeth, an
old bedspring, or a bundle of brush ĕ  against the dirt
accom plishes the purpose of sm oothing the seedbed. All thatės



needed is for a person, an anim al, or an engine to provide
forw ard m otion. Other ground-driven im plem ents capture the
m otion of the im plem entės w heels w ith gears, belts, or chains
to transm it to other w orking parts. A w alk-behind m anual
planter in the garden is one exam ple of this; another is the
ground-driven side-delivery hay rake, w here a belt connects
the w heels to the rake reel to turn the reel.

drivetrain

Brakes



On any riding-type m otorized equipm ent there w ill be brakes,
w hich are applied after the clutch is disengaged, to stop
further forw ard m otion. Brakes require little attention unless
theyėre perform ing poorly. Old tractors are notorious for
having bad brakes, but this som etim es m ay be poor
adjustm ent rather than brake failure. Older brake system s are
m echanical, w hile new er equipm ent m ay have hydraulically
pow ered brakes instead of rods and cables.

Hydraulic System



ABOVE:A Hydraulic cylinder h a s  a  m o v in g  s h a f t  t h a t  c a n  lif t ,
lo w e r , a n d  h o ld  e q u ip m e n t .

Transporting and Positioning ϥm plem ents

Im plem ents separate from  engines com m only have both
w orking and traveling positions. New er im plem ents usually
allow  you to adjust the position w ith a hydraulic connection
from  the com fort of your tractor seat; older im plem ents m ay
require you to get dow n and turn a handle or pull som e clips
and push things into position, then reinsert the clips to hold the
new  position.



C H A P TE R  TH R E E



Fluids



Grease



ABOVE:A loaded grease gun w it h  a  f le x ib le  n o z z le  is  t h e  m o s t
im p o r t a n t  t o o l o n  a  d a ily  b a s is  f o r  k e e p in g  e q u ip m e n t  r u n n in g .

Lubricating Oil



Check Plugs and Dipsticks

M ost engines have a dipstick attached to the oil fill tube cap for
checking the engine oil level, but som e sm all engines instead
use a check plug. Instead of checking the height of the oil film
on a dipstick, you unscrew  the check plug to see if oil flow s
out. If it doesnėt, the level is low . Check plugs are also
com m only used to m onitor fluid levels in hydraulic system s
and gearboxes.

Engine oil level is checked either w ith a dipstick or a check
plug. Hydraulic fluid and gearbox oil are m ost often checked
w ith a check plug.



Engine Oil

viscosity



service rating

Gaskets

Because fluids can seep through sm all seam s betw een parts,
gaskets ĕ  rubber, paper, cork, or soft m etal ĕ  are often



used in fuel, oil, and hydraulic system s to tightly seal
connections betw een parts. Gaskets are replaced if theyėre
leaking, or if theyėre exposed by disassem bly.

Dealing with Used or Spilled Fluids

Oil, fuel, coolant, and other fluids can be a hazard to plants,
anim als, and groundw ater if allow ed to seep into the ground or
poured dow n a drain. Alw ays put old fluids in covered buckets
for proper disposal. Old oil and hydraulic fluid can be dropped
off at a hazardous fluids collection site in your area, or you
m ay find an auto or engine repair shop w ith an oil-burning
heater that w ill be happy to take the stuff off your hands.
Antifreeze (sw eet tasting and poisonous to anim als and
children) and other fluids should be turned in at hazardous
w aste collection sites.

Spills (and w e all have them ) can be covered w ith kitty litter or
shop rags or even dirt to absorb the liquid, then scooped up
and bagged until it can be properly disposed of.

Fuel



Filters

Fluids m ust be free of contam inants for optim al engine
perform ance. Sm all engines have air filters and fuel screens
for this purpose; large engines have air and fuel filters, plus oil
and hydraulic filters. These should be cleaned or changed as
directed in the ow nerės m anual.



ABOVE:Air filters com e in all sizes a n d  s h a p e s  t o  f it  t h e
v a r ie t y  o f  e n g in e s  f o u n d  o n  m o s t  s m a ll f a r m s . T h e y ėr e

c h e a p  a n d  s im p le  t o  r e p la c e  o n  s m a ll e n g in e s ; o n  t r a c t o r s ,
y o u  m a y  h a v e  t o  d is a s s e m b le  a n d  c le a n  t h e m  o n c e  a  y e a r .

Diesel

W interizing Fuel
gas stabilizer



Air

Coolant

Coolant



Note that antifreeze is highly toxic

Brake, Power Steering,
Transm ission, and Hydraulic

Fluid

Additives and Aids



Additives and Aids

crankcases

Keeping Track

Even sm all farm  operations can w ind up w ith m any engines
and im plem ents, each w ith its ow n capacities and
requirem ents for oil, fuel, and other fluids, as w ell as belt sizes
and tire pressures. Listing this inform ation on a single page
and hanging it next to the tool bench is m uch quicker than
paging through ow nerės m anuals for the inform ation w henever
you w ant to change oil or do other m aintenance. Also helpful is
keeping a diary of w hat m aintenance and/or repairs w ere
done on w hat date to w hich m achine (see this exam ple of a

).M aintenance Log



C H A P TE R  FO U R



Tools



The Basic Tool Kit

General Purpose Tools



P L ϥ E R S



Pow er Tools



Basic Tools for W orking on Equipm ent

Specialty Tools for Specific Jobs



Supplies



M anuals

Grease Gun



W renches

Socket w renches

Other W renches



Other W renches
Adjustable (Crescent) w renches

Pipe w renches
Allen w renches

Oil-filter
w renches

T Y P E S  O F  W R E N C H E S

ABOVE: d r iv e r

ABOVE: s o c k e t s



ABOVE: o il f ilt e r  c in c h  w r e n c h

ABOVE: a d ju s t a b le  o r  C r e s c e n t  w r e n c h

ABOVE: p ip e  w r e n c h

Spark Plug Tools



spark plug socket

gapping tool

Tools for W heels

lug bolt w rench

Jacks and Blocks





ABOVE:Do not w ork under equipm ent, o r  r e m o v e  t ir e s , w it h o u t
f ir s t  c h o c k in g  t h e  o t h e r  w h e e ls  t o  p r e v e n t  a n y  m o v e m e n t , t h e n
r a is in g  t h e  m a c h in e  w it h  a  ja c k  a n d  lo w e r in g  it  s lig h t ly  o n t o  a

s t a b le  p ile  o f  b lo c k s .

Power Tools



Power Tools

Cleaning Tools

Acquiring Tools

Tools com e in three general categories of quality: cheap, good,
and excellent. The quality of a tool is indicated by brand nam e,
price, fit, finish, and the precision of any m echanism s. Cheap
tools are not w orth the price, and professional-quality tools



m ay be overbuilt for the frequency and stress of use theyėd
have on the average sm all farm . A m idrange tool is usually
m ore than adequate, but w hen in doubt, buy the higher-quality
tool.

Specialty Tools

spring clip tool

chain-link tool bearing puller

voltm eter



C H A P TE R  FϥV E



M aintenance



General M aintenance

1. Read the ow nerĥs m anual.

2. Store equipm ent inside.

3. Keep equipm ent reasonably clean.



M aintenance Schedule

*Starred item s

Engines

W ith Every Use

Several Tim es a Season



At Least Annually

As Needed

Equipm ent

W ith Every Use



Several Tim es a Season

At Least Annually



As Needed

Visual ϥnspection

Changing Engine Oil



Changing Engine Oil

How  to Change Oil

1.

2.

3.

4.

5.



6.

ABOVE:Fuel strainer and sedim ent bow l in s t e a d  o f  a  f u e l
f ilt e r  a r e  c o m m o n  o n  o ld e r  t r a c t o r s .

Frozen Bolts or Loose Bolts

A rusted-in bolt is one of the m ost com m on frustrations youėll
deal w ith on old im plem ents, since m uch m aintenance and
m ost repairs begin w ith rem oving bolts to get at a part or
system .

Start by squirting on som e penetrating oil (Liquid W rench is
one brand) and leaving it for a couple of m inutes up to a couple
of days. If that doesnėt w ork, give the bolt head or side of the



nut a couple of light taps w ith a ham m er ĕ  not the shaft end;
that can deform  the threads and m ake the problem  w orse. If
itės a hex-head bolt, you can put the socket on a breakdow n
(a.k.a. breaker) bar for m ore torque or put a piece of pipe over
the regular w rench handle and give it som e controlled pulls (a
pow er im pact w rench can be very useful here).

If it still w onėt com e loose, try heating the bolt or nut w ith a
handheld propane torch to expand the m etal and break the
seal. If all else fails and the bolt is held by a nut, put a grinding
w heel on your pow er drill, and grind the head or the nut off the
bolt so it can fall out of the hole. If a frozen bolt is threaded into
a receptacle, the job becom es m ore difficult. M achinists and
m echanics m ight w eld a bar or fresh-edged nut onto the
rounded bolt head to screw  it out.

Bolts that often vibrate loose can be helped to stay in place by
coating the clean, dry threads w ith an adhesive product, such
as Loctite. Other things to try are adding a split w asher, a
locknut, or a second jam  nut on top of the first nut. Keep a
variety of spare bolts handy for em ergency replacem ent of
broken or lost bolts.

Air Filters

Radiator Flushing



Radiator Flushing

How  to Flush a Radiator

1.

2.

3.

Spark Plugs



ABOVE:This is one type of gapping tool t h a t  c a n  b e  u s e d  t o  c h e c k
t h a t  t h e  g a p  b e t w e e n  t h e  w ir e  a n d  t h e  p lu g  is  c o r r e c t . G a p p in g

t o o ls  a r e  a ls o  u s e d  t o  s e t  t h e  g a p  o n  p o in t s  in  t h e  d is t r ib u t o r  a n d
f o r  a d ju s t in g  v a lv e  la s h .

Hydraulic Fluid and Filter



Sharpening Blades
chisel ground

flat ground

Adjusting ϥm plem ents



Adjusting ϥm plem ents

Changing Belts

Tightening and Repairing Chains



Repacking W heel Bearings

Sealed bearings require no m aintenance; w hen they fail,
theyėre replaced. Unsealed bearings should be cleaned and
repacked, usually annually but less often if the equipm ent is
used only occasionally. To repack bearings, rem ove the w heel,
then rem ove the grease cap, spindle nut, and cotter pin to get
at the bearings. Rem ove the bearings in their racew ay, and
use solvent to clean out the old grease. Dry the bearings and
racew ay, then carefully w ork in the fresh grease. If the
bearings are stuck on the shaft, you can clean and repack
them  in place w ith bucket and brush or spray solvent.

ABOVE:A standard w heel and bearing a s s e m b ly  f r o m  a n
o ld  J o h n  D e e r e  t r a c t o r

Preparing for Cold W eather



Preparing for Cold W eather



C H A P TE R  S ϥX



Diagnostics



Start with the Sim ple and
Obvious

chapter 7
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Operator error.

Inadequate lubrication.

Dirt and debris in system s and m echanism s.

Parts not properly adjusted or aligned.

Parts w orn beyond the point of being functional.

Engine

Fuel



Spark

Air



Connections

Other Parts

1.

2.

3.



Engine Problem s

Problem s in the Electrical System

chapter 2



Checking the battery.

Battery Care

Never let a battery freeze; that w ill ruin it. A fully charged
battery w onėt freeze, so in cold w eather, start engines



occasionally and let them  run to re-charge, or keep a trickle
charger on the battery w hen itės in storage during the w inter.
If the battery isnėt sealed (old batteries), check the fluid level
before putting it into storage, and top up w ith distilled w ater if
itės low  (never add battery acid to a battery). Or you can do as
the old-tim ers did: disconnect the battery and store it in the
basem ent over the w inter.

Checking spark plugs and w ires.

Checking the distributor cap and rotor.



Checking the ignition sw itch.

Checking the coil.

Checking the solenoid.

Checking the starter m otor.

Checking w iring.



ABOVE:If a battery is alw ays dead w h e n  y o u  w a n t  t o  s t a r t  t h e
e n g in e , y o u  c a n  u s e  a  v o lt m e t e r  t o  t e s t  w h e t h e r  it  is  s t ill c a p a b le

o f  h o ld in g  a  c h a r g e . I f  it  is , t h e  p r o b le m  is  e ls e w h e r e  in  t h e
s y s t e m .



ABOVE:On a big engine, v o lt a g e  is  a m p lif ie d  in  t h e  c o il a n d  s e n t  t o
t h e  d is t r ib u t o r  v ia  t h e  c o il w ir e , w h ic h  p lu g s  in t o  t h e  m id d le  o f

t h e  d is t r ib u t o r  c a p . T h e  d is t r ib u t o r  t h e n  s e n d s  a  t im e d  c h a r g e  t o
e a c h  o f  t h e  s p a r k  p lu g s  in  t u r n , v ia  t h e  s p a r k  p lu g  w ir e s .

Using a M ultim eter

M ultim eters (com bined voltm eter, am m eter, and ohm m eter)
com bine several w ays of m easuring electricity in one device.
The voltm eter function m easures the voltage difference
betw een tw o points in a charged system . If there is a point of
resistance betw een the m easuring points, as in a com ponent
w here w ork is extracted, there should be a voltage drop. The
ohm m eter function m easures resistance (ohm s) in an
uncharged circuit by sending out and receiving its ow n test
charge. The am m eter function m easures the actual flow
(am perage) of current in a charged system .

A m ultim eter is used to test for three com m on problem s in an
engine:



Dead battery. After charging the battery, use the voltm eter
function to test if the battery can achieve and hold its listed
charge (6 or 12 volts). If it doesnėt, the battery has failed and
should be replaced.

W ire break or bad connection. If thereės no visible problem ,
test w ire section by section w ith the ohm m eter function to
pinpoint breaks, corrosion, or loose connections. High
resistance and pent-up voltage indicate a w ire is not
conducting electricity efficiently betw een tw o points.

Short in the w iring. Current alw ays follow s the path of least
resistance to com plete a circuit. W hen a loss of insulation
allow s a bare w ire to touch the fram e, this allow s the
positive flow  of current to go directly to the negative
(neutral) ground w ithout having to flow  through the rest of
the circuit or w ait for a sw itch to be turned on dow nstream .
Use the am m eter function to see if am perage is flow ing
w hen the destination com ponent is not receiving current.

Problem s in the Fuel System



Checking choke function. 

Checking the throttle cable.

Checking the idle adjustm ent.

Checking carburetor function.

Problem s in the Lubrication System



Problem s with the Air ϥntake/Exhaust System

Check the pre-cleaner, air filter, and air intake to the carburetor.

1. Check the m uffler by visual inspection.



2. Check the exhaust pipe.

3. Check the m anifold gasket.

4. Check the m anifold.

Problem s with the Coolant System

Check the radiator for exterior leaks and debris by visual
exam ination.

Check the fan belt for w ear, slippage, or breakage.



Check the therm ostat.

Check the w ater pum p.

Engine Problem s That Have Other Causes

Power Transm ission Problem s



Check belts, pulleys, chains, and sprockets.

For belts and pulleys:

For chains and sprockets:



Check the clutch.

Check differential and any other gearboxes.

Check axles.

Check driveshaft.



Other M alfunctions

Steering and Tire Problem s

Check w heels and tires.



Check the pow er steering system .

Check traction.

Brake Problem s



ABOVE:Overloading equipm ent, a s  s h o w n  h e r e , g o in g  t o o  f a s t  f o r
c o n d it io n s , o r  u s in g  a  m a c h in e  f o r  a  p u r p o s e  it  w a s n ėt  in t e n d e d

f o r  a r e  a ll c o m m o n  c a u s e s  o f  m a lf u n c t io n s  a n d  a c c id e n t s .

Hydraulic System  Problem s



Check for air in the system .

Check for leaks.

Check the cylinder.

Check the pum p.

ϥm plem ent Problem s



Check the slip clutch.



C H A P TE R  S E V E N



Repairs



Disassem bly and Reassem bly

One of the m ost frustrating parts of m aking a m ore
com plicated repair is reassem bling everything and finding
youėve done it incorrectly. To avoid this com m on m istake, take
a photo before taking apart anything m ore com plicated than a
couple of bolts and a cover. Or, as you disassem ble parts,
draw  a diagram  of how  things fit together, in w hat order, and
w hich sides face out. Lay the parts out in order and turned the
right w ay on a clean tarp or w orktable, w here they w onėt be
disturbed.

General Procedures

1.

2.

3.



4.

Replacing Parts

Repair or Replace?



W hen looking at a m ajor, expensive repair, get estim ates for
the cost of the repair and com pare these to the cost of
replacing the equipm ent. Factor in also how  m any m ore
seasons the equipm ent is likely to last. All equipm ent
eventually gets to the point w here age and w ear have
increased the frequency and cost of repairs to the point w here
youėre better off buying a replacem ent, and itės too easy to get
into a cycle of putting m ore m oney into equipm ent than is
justified by its w orth or overall functionality.

Old equipm ent can be scrapped for its m etal value or sold to a
salvage yard for its parts value.

Field Repairs



Basic Repairs

Fram e and Contact Parts

Connecting Parts


