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CHAPTER ONE



Parts
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Fasteners
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Bolts, Nuts, and Washers
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hex-head bolt

Four Unportant Thingsto Know about Bolts

1. OO e O OO O O E O O O O OO0
O T T A O I T O OO O T
L OO E T C I CEm O O O O IS LT A b
CHOE O e e

2. OO OO OO T O OO OO O CC T T COICIT
I CEE O i EE e e e e e e I

O LT T OO T T ehapter 4 MO CET
IO

3. OO O OO T O OO T T OO T OO CCT T e
CITCTT O [T T T T T T T L




(L0 O DO OO T OO T OO O OO T e
OO0 D C I I I C D C O C I O T CT T
CEE I A A T T e e E e e ey G et
O MMM m OO A A O O O A O e T
0 O IO T E O I O D T OO A
LI e e e e et e

4. [ O O O O O O I OO T
L OO T IO O T T O O T T ) C ]
OO O O O O OO OO C T CC T OO (e
OO CC O T C O MO C I

Rivets
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ABOVE: rivets

Clips, Cotter Pins, and Keys
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ABOVE: hitch pin and clip
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ABOVE: cotter pins
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shaft

Zerks

Also called a grease fitting, a zerk consists of a round head
with a spring-loaded ball valve which looks like the tip on a
ballpoint pen. It is attached to a hollow, threaded shank that

screws into a port in the equipment wherever grease needs to
be delivered to moving parts.
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ABOVE: zerks



Spring Clips
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Springs
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Spare Parts to Have on Hand

Available at farm equipment stores, and many hardware and
auto supply stores:

= Selection of bolts, nuts, and washers (purchased or
scavenged)

m Selection of rivets if any of your equipment has rivets
= Selection of cotter pins

m Selection of zerks



Selection of chain links

Extra hitch pins with clips

Selection of hose clamps

Selection of bushings and spacers (purchased or
scavenged)

Available from equipment dealers or from the manufacturer:

m Spare belts (specific to each machine)
= Air and oil filters (specific to each particular engine)
m Spark plugs (specific to each particular engine)

= Parts that frequently need replacing on your equipment,
such as rake teeth, cutter bar sections, cultivator sweeps,
etc.

Wheels and Shafts
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Universal Dbints

A universal joint (more commonly referred to as a U-joint)
creates a flexible joint between two shafts. The ends of the
shafts are U-shaped and connected by a metal cross with
bearings at each corner where 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 move freely up and down,
allowing changes in the angle, all while the shafts are spinning
in unison. U-joints should be greased diligently.

ABoVE: U-joints allow arotating shaft to bend as it
rotates; they are common on farm equipment. Keep them
well greased and stay clear of them when theyé&e turning:
they can snag loose clothing or laces and twist, tearing
fabric and flesh.



Pulleys and Sprockets
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Gears
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PTO Shaft
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Clutches
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Belts and Chains

Belts and chains are common on all types of equipment, and
they loosen, wear, and break fairly often. Both function by
being wrapped around two wheels (pulleys or sprockets), one
of which is turned by the engine or motion of the wheels,
moving the belt or chain, which then turns the pulley or
sprocket at the other end, which is attached to and turns a
working part of the implement.

Rubber belts may have a V-shape in cross section and then
are called V-belts, but there are other types, and itées important
to replace a bad belt with another of precisely the same length
and shape. Very old equipment may have leather belts; apply
spray-on leather-belt conditioner to make these last. Chains
must be sized to fit the sprockets; theyge used where no
slippage is wanted (belts allow for a little slippage).



ABOVE: Belts can change the direction and speed-to-force
ratio of power. They rely on friction to turn pulleys, so they
must be tight and free of grease and oil.

Bearings and Bushings
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outerrace

shield

retainer

innerrace

ABoVE: Atypical ball-bearing assembly consists of five basic,
and tightly packed, components.
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Hoses, Lines, and Parts Specific
to Farm Unplements
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CHAPTER TWO



Systems
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Fuel System
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Two-Cycle vs. Four-Cycle Engines
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Valves

Valves are metering devices for liqguids and gases, which
operate inside a line or chamber that contains the fluid,
forcing it to pass through the valve. They&e found in several
places in different systems. Hydraulic controls are valves, as
are the choke and carburetor float valve in the fuel system,
combustion valves at the cylinders, and the thermostat in a
coolant system.

Hectrical System
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Engine Lubrication and Cooling
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Air thtake and Exhaust
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Power Transmission
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Ground-Driven Power

Some small or very old implements are ground driven instead
of being powered by the engine. The act of pushing or pulling
the implement over the ground supplies all the power needed.
The simplest example of this is the drag, where the friction of
the implement € whether it&s made of a frame with teeth, an
old bedspring, or a bundle of brush & against the dirt
accomplishes the purpose of smoothing the seedbed. All thates



needed is for a person, an animal, or an engine to provide
forward motion. Other ground-driven implements capture the
motion of the implemente& wheels with gears, belts, or chains
to transmit to other working parts. A walk-behind manual
planter in the garden is one example of this; another is the
ground-driven side-delivery hay rake, where a belt connects
the wheels to the rake reel to turn the reel.
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Brakes



On any riding-type motorized equipment there will be brakes,
which are applied after the clutch is disengaged, to stop
further forward motion. Brakes require little attention unless
theygée performing poorly. Old tractors are notorious for
having bad brakes, but this sometimes may be poor
adjustment rather than brake failure. Older brake systems are
mechanical, while newer equipment may have hydraulically
powered brakes instead of rods and cables.

Hydraulic System
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ABovE: A Hydraulic cylinder has a moving shaft that can lift,
lower, and hold equipment.

Transporting and Positioning nplements

Implements separate from engines commonly have both
working and traveling positions. Newer implements usually
allow you to adjust the position with a hydraulic connection
from the comfort of your tractor seat; older implements may
require you to get down and turn a handle or pull some clips
and push things into position, then reinsert the clips to hold the
new position.
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Grease

O L) O e OO A O I O I I T O T T T T T T
(OO T OO O C O O A O O OO I GO T
O M O O A OO O CC T O O A O A O O T T
OO O O O T O O C O O O e e ime
O LD OO T O OO OO O T OO T T e
MO OO0 O OO AT T O O OO T L T T I
OO T OO T I T T T 0 O CO OO O T T O T T
OO CE e O O o O L 0 OO O O O T OO
L T O O O O T T O I I T oo
(OO M T T OO CO T OO O O e T O LI




L R
B A AN W ae
e

B g

ABoVE: A loaded grease gun with a flexible nozzle is the most
Important tool on a daily basis for keeping equipment running.

Lubricating Qll
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Check Plugs and Dipsticks

Most engines have a dipstick attached to the oil fill tube cap for
checking the engine oil level, but some small 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 flows
out. If it doesné, the level is low. Check plugs are also
commonly used to monitor fluid levels in hydraulic systems
and gearboxes.

Engine oil level is checked either with a dipstick or a check
plug. Hydraulic fluid and gearbox oil are most often checked
with a check plug.



check plug

check plug
unscrewed

Engine Ol
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Gaskets

Because fluids can seep through small seams between parts,
gaskets & rubber, paper, cork, or soft metal € are often



used in fuel, oil, and hydraulic systems to tightly seal
connections between parts. Gaskets are replaced if theyée
leaking, or if theyé e exposed by disassembly.

Dealing with Used or Spilled Huids

Qil, fuel, coolant, and other fluids can be a hazard to plants,
animals, and groundwater if allowed to seep into the ground or
poured down a drain. Always 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
may find an auto or engine repair shop with an oil-burning
heater that will be happy to take the stuff off your hands.
Antifreeze (sweet tasting and poisonous to animals and
children) and other fluids should be turned in at hazardous
waste collection sites.

Spills (and we all have them) can be covered with 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
O T O T O T e e e A T O O e e r e e et
T T T O T O O I I I I O eI IO O o 4

(T COCTIO MO O CE e CO O OO OO A Ioer




LT (OO OO IO o 00 00 S COOm e oo O e
O OO T T I T OO T OO A OO T T O CTO OO O T T
OO O OO OO O O OO OO O T O D O O T O C O O
LT OO OO OO CEIOCC IO OO

O OMMOCIMO T OO O CE OO O O O O T O M O e
OO OO T OO OO T OO IO 0 OO0 (OO
(LT O COOO O O O O OO O O O T T IO C T T
O OC T O T T T T T T OIC T T OO (O CE O O T T ET T O
LT T MO e T T O A e e

OO T OO O OO OO M O T O OO CT I
L T e CE T R T O ] O el
LM e e ) A T e e e e e A A E L I T E ) CE
O O OO T O I T O OO OO e
O MM O I T OO M T O O T C T T T T T T
O I O I O O T I O T O I
OO T T LT T

Hlters

Fluids must be free of contaminants for optimal engine
performance. Small 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 owner & manual.
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ABoVE: Air filters come in all sizes and shapes to fit the
variety of engines found on most small farms. They&e
cheap and simple to replace on small engines; on tractors,
you may have to disassemble and clean them once a year.

Diesel
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Coolant
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Brake, Power Steering,
Transmission, and Hydraulic
Huid
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Keeping Track

Even small farm operations can wind up with many engines
and implements, each with its own capacities and
requirements for oil, fuel, and other fluids, as well as belt sizes
and tire pressures. Listing this information on a single page
and hanging it next to the tool bench is much quicker than
paging through owneré& manuals for the information whenever
you want to change oil or do other maintenance. Also helpful is
keeping a diary of what maintenance and/ or repairs were
done on what date to which machine (see this example of a

Maintenance Log).
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The Basic Tool Kit
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General Purpose Tools
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(vise-grip)

needlenose electrician’s standard

Power Tools
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Basic Tools for Working on Equipment
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Specialty Tools for Specific Jobs
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Manuals
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Grease Gun
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Wrenches
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Other Wrenches
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TYPES OF WRENCHES

ABOVE: sockets



ABoVE: adjustable or Crescent wrench

ABOVE: pipe wrench

Spark Plug Tools



(LT O A O O C T O O T T T
(OO OO T T OO MO O IO T s par k- plug socket
(O T T T T O A T O T T T O T T I CT T
LTI O T C O [ O DO IO O OO C I O e
(T T O IO OO0 gapping tool MM T O IO T T
0 L 0 A E O T T C O E T O CO O T T T
O CTOOT T T C OO O O T T I MmO CO O C I C T
O T I I T S T O e

Tools for Wheels
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Jcks and Blocks
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ABove: Do not work under equipment, or remove tires, without

first chocking the other wheels to prevent any movement, then

raising the machine with a jack and lowering it slightly onto a
stable pile of blocks.



Power Tools
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Cleaning Tools
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Acquiring Tools

Tools come in three general categories of quality: cheap, good,
and excellent. The quality of a tool is indicated by brand name,
price, fit, finish, and the precision of any mechanisms. Cheap
tools are not worth the price, and professional-quality tools



may be overbuilt for the frequency and stress of use theydl
have on the average small farm. A midrange tool is usually
mor e than adequate, but when in doubt, buy the higher-quality
tool.

Specialty Tools
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Maintenance
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General Maintenance
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With Every Use
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As Needed
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How to Change Oil
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ABOVE: Fuel strainer and sediment bowl instead of a fuel
filter are common on older tractors.

Frozen Bolts or Loose Bolts

A rusted-in bolt is one of the most common frustrations youdl
deal with on old implements, since much maintenance and

most repairs begin with removing bolts to get at a part or
system.

Start by squirting on some penetrating oil (Liquid Wrench is
one brand) and leaving it for a couple of minutes up to a couple
of days. If that doesné work, give the bolt head or side of the



nut a couple of light taps with a hammer € not the shaft end,;
that can deform the threads and make the problem worse. If
ites a hex-head bolt, you can put the socket on a breakdown
(a.k.a. breaker) bar for more torque or put a piece of pipe over
the regular wrench handle and give it some controlled pulls (a
power impact wrench can be very useful here).

If it still woné come loose, try heating the bolt or nut with a
handheld propane torch to expand the metal and break the
seal. If all else fails and the bolt is held by a nut, put a grinding
wheel on your power 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 becomes more difficult. Machinists and
mechanics might weld 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 with an adhesive product, such
as Loctite. Other things to try are adding a split washer, a
locknut, or a second jam nut on top of the first nut. Keep a
variety of spare bolts handy for emergency replacement of
broken or lost bolts.

Air Hlters
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Radiator Hushing
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How to Flush a Radiator
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Spark Plugs
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toolinserts here

ABOVE: Thisis one type of gappingtool that can be used to check
that the gap between the wire and the plug is correct. Gapping
tools are also used to set the gap on points in the distributor and
for adjusting valve lash.

Hydraulic Huid and Hiter
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Sharpening Blades
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Adjusting nplements
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Changing Belts
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Tightening and Repairing Chains
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Repacking Wheel Bearings

Sealed bearings require no maintenance; when they falil,
theyé@e replaced. Unsealed bearings should be cleaned and
repacked, usually annually but less often if the equipment is
used only occasionally. To repack bearings, remove the wheel,
then remove the grease cap, spindle nut, and cotter pin to get
at the bearings. Remove the bearings in their raceway, and
use solvent to clean out the old grease. Dry the bearings and
raceway, then carefully work in the fresh grease. If the
bearings are stuck on the shaft, you can clean and repack
them in place with bucket and brush or spray solvent.

rim

cotter pin
raceways

l spindle nut

greasecap

inner bearings outer bearings

ABovE: A standard wheel and bearing assembly from an
old John Deere tractor



Preparing for Cold Weather
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Connections
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Problems in the Hectrical System
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Checking the battery. [T T T T OO T TICT O T T
LM OO E T O T CO O T OO T T CTOC I T AT
COC T CE IO OO O O O T OO OO I O0e T
O MO MO OO I CEAT T O O OO O MO O O (OO0 O Cme
O O O A E T T A O T O O O O O O T
(] OO O O T O T T T O C L T T T T
DO T I O T Ce e e O i O f O O COC T T
O OO OO O T T O OO CO MO E T GO CE O e
(I T O C O C I T T T T O T I O O e
O O T C O C O I T A O O O OO
L T I O T T T T e T O O O O A T o e e
LT T T A O m O O T O T T O O OO e e
OO OO O T O I O T [ (L

Battery Care

Never let a battery freeze; that will ruin it. A fully charged
battery woné freeze, so in cold weather, start engines



occasionally and let them run to re-charge, or keep a trickle
charger on the battery when ités in storage during the winter.
If the battery isné sealed (old batteries), check the fluid level
before putting it into storage, and top up with distilled water if
its low (never add battery acid to a battery). Or you can do as
the old-timers did: disconnect the battery and store it in the
basement over the winter.
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Checking the distributor cap and rotor.HOOMDO TN MO0 CETTC
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ABOVE: |f a batteryis always dead when you want to start the
engine, you can use a voltmeter to test whether it is still capable
of holding a charge. Ifitis, the problem is elsewhere in the
system.



coil wire spark plug wire

spark plug

coil
distributor cap

ABOVE: On a big engine, voltage is amplified in the coil and sent to
the distributor via the coil wire, which plugs into the middle of
the distributor cap. The distributor then sends a timed charge to
each of the spark plugs in turn, via the spark plug wires.

Using a Multimeter

Multimeters (combined voltmeter, ammeter, and ohmmeter)
combine several ways of measuring electricity in one device.
The voltmeter function measures the voltage difference
between two points in a charged system. If there is a point of
resistance between the measuring points, as in a component
where work is extracted, there should be a voltage drop. The
ohmmeter function measures resistance (ohms) in an
uncharged circuit by sending out and receiving its own test
charge. The ammeter function measures the actual flow
(@mperage) of current in a charged system.

A multimeter is used to test for three common problems in an
engine:



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

= Wire break or bad connection. If theree no visible problem,
test wire section by section with the ohmmeter function to
pinpoint breaks, corrosion, or loose connections. High
resistance and pent-up voltage indicate a wire is not
conducting electricity efficiently between two points.

= Shortinthewiring. Current always follows the path of least
resistance to complete a circuit. When a loss of insulation
allows a bare wire to touch the frame, this allows the
positive flow of current to go directly to the negative
(neutral) ground without having to flow through the rest of
the circuit or wait for a switch to be turned on downstream.
Use the ammeter function to see if amperage is flowing
when the destination component is not receiving current.

Problems in the Fuel System
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Checking the throttle cable. MM O I T OO OO CICT
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Checking carburetor function. IDOMIHOM IO CO AT
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Problems in the Lubrication System
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Problems with the Air thtake/Exhaust System
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Check the pre-cleaner, air filter, and air intake to the carburetor.
LT e T e e T e e e e e e e o e e e e e e e
LT T IO G I C T T T O OO C IO C T T e
LT e e e e e e e e e e e e e e e T e e L
LTI T T O T O T T I I T O T T T T T T T I T E T HOC T HE e
CLT T T T L O O OO O I O T T (I
LI OCT LT

IO T (O T O Loy (O T i ol Crmo e e
OO LTI 1 CE O C O O A e T

1. Check the muffler by visual inspection. IO [
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2. Checkthe exhaust pipe. T OO OO OO
T OO OO OO OO OO T
OO0

3. Checkthe manifold gasket . TN OO CETIT]
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4. Check the manifold. MM T OO O O I

Problems with the Coolant System
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Check the radiator for exterior leaks and debris by visual
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Check the fan belt for wear, slippage, or breakage. T T IOCTIIIT
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Check the thermostat. L E T I T T T e e
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Check the water pump. 0O OO T O T OO OOmc
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Engine Problems That Have Other Causes
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Power Transmission Problems
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Check belts, pulleys, chains, and sprockets. MMM T T TOOIC
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For belts and pulleys:
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For chains and sprockets:
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Check differential and any other gearboxes. I T T T T T
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Other Malfunctions
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Steering and Tire Problems
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Check the power steering system.UOOOOMTTIMOOO O OO0
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Brake Problems
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ABovE: Overloading equipment, as shown here, going too fast for
conditions, or using a machine for a purpose it wasné intended
for are all common causes of malfunctions and accidents.

Hydraulic System Problems
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Check for air in the system. IO I T T MO OO T OO0 TOC
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Unplement Problems
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CHAPTER SEVEN



Repairs



OO O E OO IO O O OO A O E O T O O
O IO OO OO £ [TOOOMO O O CT I CI IO
[ LI T O O A0 00 OO L O O O OO O O
LTI L MO LT T

Disassembly and Reassembly

One of the most frustrating parts of making a more
complicated repair is reassembling everything and finding
you&e done it incorrectly. To avoid this common mistake, take
a photo before taking apart anything more complicated than a
couple of bolts and a cover. Or, as you disassemble parts,
draw a diagram of how things fit together, in what order, and
which sides face out. Lay the parts out in order and turned the
right way on a clean tarp or worktable, where they woné be
disturbed.

General Procedures
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Replacing Parts
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Repair or Replace?



When looking at a major, expensive repair, get estimates for
the cost of the repair and compare these to the cost of
replacing the equipment. Factor in also how many more
seasons the equipment is likely to last. All equipment
eventually gets to the point where age and wear have
increased the frequency and cost of repairs to the point where
youé&e better off buying a replacement, and ités too easy to get
into a cycle of putting more money into equipment than is
justified by its worth or overall functionality.

Old equipment can be scrapped for its metal value or sold to a
salvage yard for its parts value.

Held Repairs
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Basic Repairs
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Frame and Contact Parts
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Connecting Parts



