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Foreword
This manual has been prepared by the Service Department of Harry
Ferguson, Inc . in order to provide a complete and accurate reference for
all shop operations of Ferguson tractors. It contains information pertaining to disassembly, servicing, reassembly and repair of both major and
minor components. It is felt that the material is covered completely and .
by referring to this manual, any competent mechanic should be able to
perform the various operations described.
The material contained in this manual is devoted entirely to the servic ing of theTE-20, TO-20 and TO-30 Ferguson tractors. It has been especially prepared for the qualified Dealership equipped with the necessary facilities, such as suitable tools and adequate light and shop space.
The Dealer Shop Manual is divided in five major groups : Engine and
Clutch, Engine Systems, Power Train and Brakes, Ferguson System and
Front Axle and Steering. This grouping has been made to integrate related subjects In accordance with the usual servicing procedures so as to
present the material in a logical and easily understood manner.
A thorough and complete presentation of all procedures is given for
the sections included in each major grouping. The components or component assemblies are discussed in detail in regards to various servicing
phases . All illustrations are referenced in the subject matter . At the
end of each section, space is provided for referencing Service Bulletins.
Also ruled lines are included for important service information notations.
A table of contents at the beginning of the manual lists the contents
of the body of the book and serves as an out I ine of the material present.
An index has been provided at the rear to assist in easily locating various items.
Each Ferguson service man should study and become familiar with the
contents of this manual in order to provide himself with the necessary
know-how for performing reliable service.
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ENGINE & CLUTCH

ENGINE & CLUTCH
The Ferguson engine, an integral member
of the tractor frame, consists of numerable
prec ision parts assembled into an efficient,
long wearing power source. The clutch assembly is installed to the engine flywheel and
provides a mechanical means of controlling
the flow of power to the transmission.

ENGINE
The model Z-129 engine used in the TO-30
tractor is manufactured by the , Continental
Motors Corporation. It is a four cyl inder,
spark ignition, overhead valve, internal combustion, wet sleeve type engine with a bore
of 3 1/4 in. and a stroke of 37/8 in. The
displacement is 129 cubic in. and the compression ratio is 6.5 to 1. The weight of the
bare engine with manifold and flywheel is 375
pounds. In Nebraska Test 466, the TO-30
developed 30.27 corrected belt horsepower.
A peak torque of 107 pound-feet occurs at approximately 1100 RPM. The model Z-120 engine used in the TO-20 and TE-20 is of the
same type and design but differs slightly in
some of the bosic dimensions. The Z-120 engine has a bore of 3 3/16 in. and a stroke of
33/4 in. The displacement is 120 cubic in.
and the compression ratio is ·6.1 to 1. In
Nebraska Test 392, the· TO-20 developed
26.5 corrected belt horsepower. The maximum torque of 88 pound-feet occurs at approximately 1200 RPM.
Some inspection can be made of the complete engine before any disassembly is started •
Look the engine over for any evidence of
leaks of water, gasoline or oil. Check the
radiator hoses, draincocks, sediment bowl,
carburetor, oil drain plugs, oil filter, oil
pan and valve cover gaskets. Check the
oil and coolant level. Check the air cleaner,
gasoline tank, sediment bowl and fuel filter
for dirt or water. Inspect the condition of
ports which deteriorate such as fan belt, wiring insulation, radiator hoses and gaskets.

Any defects should be noted at th is time.
The engine may be removed from the rest
of the tractor by following the steps listed
below. Drain water and oil . Observe the
condition of the oil for tell-tale traces of
engine bearing failure. If there is any ev idence of failure, save a sample of the oil for
future reference. Place a jack under the engine or use a chainfall and take the weight
off the front wheels. Remove the hood, battery and gasoline tank. Disconnect the radiator hoses and upper radiator support rod from
the engine and remove the radiator. Disconnect rear end of tie rods and drag Iinks. Remove four boltsattaching front axle support to
engine and roll the complete front end asRemove the
sembly forward, see Fig . 1.
starting motor, wires from coil and generato r",
air cleaner tube, exhaust pipe, choke rod and
U-bolt from the throttle torque rod .
Note:
If engine is to be mounted on
' K .R. Wilson engine stand, the jack may be
placed under the transmission case a nd after
the front wheels are removed, the fron t end
of the tractor may be raised and the engine
bolted to the stand without the ,use of a
chainfall, see Fig. 3. To bolt the engine to
the stand attach stand at a starter hole and
front left axle support mounting flange .
Unbolt the engine from transmission case
and attach to engine stand, or swing forward
and up on a chainfall.
The engine may be reassembled to the
tractor by reversing the removal procedure .
Note: In the case of the TE-20, the hood
support rod must be removed from the fue l
tank before the radiator hoses are removed ,
and the struts holding the front axle support
to the transmission case, see Fig. 2, must be
removed before the front end assembly can be
wheeled away from the tractor.
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CYLINDER HEAD

. ,

Fig. 3

Fig. 1

•...

The valve- in-head type cyl inder head is a
grey iron casting which contains the valves,
the combustion chambers and the valve coblant passages.

, 3. Oetdc~~ governor compensator spring
link 'from' goyernor linkage rocket and loosen
U.-bolt. " ~X'
• 'j , .1
'
4,. Loosen , throttle rod clamp, ;erriove the
thrott,le , CO'1trol rod boll joint f.rom ·: throttle
control pJ9te, and withdraw throttle control
rod • •

REMOVAL
The following steps are recommended .for
removing the cyl inder head assembly.
1 . Drain radiator and disconnect 'upper
radiator hose and radiator support rod frCini
the head.
2. Remove battery I disconnect fuel, line
from fuel filter and remove fuel tank.

i

~iJ

~

5. Detac~ wires from spark plugs..
,
6., ~etach exhaust pipe and 'carburetor
from' manifold.
,"
-'"
7. Remove cyl inder head cover and fourstuds secuii'A g rocker arm to head.
, . ~
8. Remove th irteen nuts and rocker arin
shaft assembly. The cyl inder head I valwes
and- manifold may now be lifted from the- en-"
ginEHblock< 'as bn:ossembly, see Fig. 4.
I,

. Fig. 4

Fig. 2

I

.\1
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INSPECTON
All tre · removable parts, such as the ",alve~
and ma'nifold, should be disassembled ' from
the . hebd 'a nd the entire. head' thoroughly
c1edriecl/: ~ith a wire brush an~ cleaning solvent tei l remove all grease, ' dirt and ~arbon.
The hedd should .then be carefully inspected
for any backs or warpage. Place a straightedge along the cleaned gasket surfaces and
check f!H warping with a thickness gauge. If
the· hedd · is warped as much as .020 in. over
its length, it must be replaced or reground.
The val~e guides and seats should be checked
as will. be
, outlined later • .

this position for a few minutes, no sign of
gasoline leakage through the valves can be
detected, the valve job has been done satisfactorily.
Thoroughly clean the mating surfaces of
the block and head. Choose the proper head
gasket (TE and early TO models had no water
by-pass hole in the front end of the gasket.
Late TO-20 and all TO-30 models have the
hole). Gaskets with the hole may be used on
any model tractor and gaskets without a bypass hole can easily be punched to have an
opening for the by-pass hole, see Fig. 5.

I

MO~EL

DIFFERENCE

On TO-20 tractor engines before Serial
Number Z":120-158787, the cylinder head
cover is not 'recessedfor the nuts that· hold it
down. On these tractors the rocker arm studs
which. project through the cover- are longer
than on more recent tractors. The later type
cylinder head cover with the recessed bolt
holes and the removable vent tube may be
used on the older tractors provided the short
studs are also' used. The same head may be
used on the TO-20' or TE-20 tractors but the
TO-30 head cannot · be used on theTO-20 or
TE-20.

INST ALLA.TION
Blow out the valve pons and other parts of
the head thoroughly with compressed air, to
re"move all traces of grindings and abrasive.
Lubricate the vcilvestemsliberally with heavy
machine 011 (SAE 30 or 40) and install them
in the guides. Install the valve springs with
the damJi)ening~,coil toward the he.ad. Inspect
the rl'tainerS, locks and caps and replace any
that ~hoo#~igns of damage orwear.lnstall all
new ~i1 guafd' gasketS on the i.nta~e valves.

Fig. 5
NEVER install a gasket without taking special .
pains to see that this water opening is not
sealed shut • . Coat the gasket on both sides
with a commercial sealing compound. If no
compaund is. available, cup grease may be
used.
Tighten the head nuts in the proper sequence, see Fig. 6 , from the center out
and use a torque wrench for final tightening

It is ~'. g~od idea t~ check the entire valve
recondftioning ,: job by setting· the head ,upslde
dawn .~!'ld flll;l1g the cylinder dOlT)es with
gaso line • ,.If, after the head has rema i ned In

www.ntractorclub.com
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ENGINE & CLUIS:H
to 70-75 pound-feet. Tightening the nuts in
wrong sequence on a dry gasket may result in
a cracked cXI inder head. Tightening the bolts
too tight may distort the head or block, ruining the precision valve job you have just finished.

VALVE TRAIN
The valve train of the Continental Engine
consists of an intake and exhaust valve assembly for each cyl inder, rocker arms for
each valve, a rocker arm shaft mounted in
four supports, push rods and tappets for each
support and valve, see Fig. 7. The function
of the valve train is to control the flow of
fuel mixture to the cyl inders to prevent its
escape during the compression and burning
cycl es and to perm it its escape after it is
burned.

iced whenever a compression test or any erratic action indicates that they may nat be in
peak operating condition. It is a good plan
to adopt regular intervals for the servicing of
valves but these intervals depend upon operating conditions and it is impossible to make
spec ific recommendations. In general, the
valves should be reconditioned whenever the
engine is disassembled for the installeition of
new rings. Certainly, they should be removed
and checked whenever the head is removed.

Fig. 8

DISASSEMBL Y

Fig. 7
The importance of a properly functioning
valve train cannot be over-emphasizEld. Valve
failures are expensive, especially if they
come at a time when the tractor is urgently
needed to plant or harvest the crop from
which the former makes his living. In the
modern h'igh compression engine wlrich powers
the Ferguson tractor, terrific demands are
placed on the valves. The chief reason for
loss of power and performance and for wasted
fuel and oil is faulty valve action. It is,
therefore imperative that the valves be serv-

Following is a recommended procedure for
servicing the valves in the Continental engines. Remove the cylinder head as described
on page 3. Remove the valves from the head
using a suitable valve spring compressor., see
Fig. 8 and Fig. 9. As each valve is removed
from the head, it should be placed in a rack
in such a manner that it can be reinstalled in
the same position . Clean carbon 'from the
head block thoroughly, preferably with a
motor driven wire brush, see Fig. 10and then
with a solvent. After cleaning, remove all
loose carbon porticles and foreign material
with compressed air. The valve guides should
be cleaned with a valve guide cleaner, see
Fig. 11, and checked with a light to be sure

5
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Fig. 11
A bright bumisl:!edsurface
ret,ard,l,c carban format ion in the fi nished
~.n the valves in a solvent and then
'" wire brush, see Fig.12. Donat
use sa'i!,:dl?'o:pE!r as it may scratch the ' valves
and ,c ause them to stick or fail when they are
retUrne~ to service.
'
,

Fig. 12

VALVES
Fig.13 shows the names of the various parts
of the valve ~ Notice particularly the sections marked "Head", "Margin"" "Face" and
IIStem" .

Fig. 10

The intake valve is held in place by the
valve, spring, an oil guard and a retainer
which in turn is ' secured by the retainer pin
inserted through a hole in the stem near the
tip. Between the oil guard and the spring retainer is a neoprene .seal which prevents excessive oil being sucked into the cylinder

6
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Fig. 13

Fig. 14

through the valve guide. Whenever the valves
are removed, a new seal should be installed.
A cap is fitted over the top of the valve stem
and it should be free to rotate and sholJld not
bind on the stem.

stem near the tip and a hole to receive the
valve cap is drilled into the end of the stem.
Thiscirrangement is shown in detail in Fig. 15 .

INTAKE VALVE
Each intake valve is a one-piece steel
forging with a retainer pin hole drilled through
the end of the stem. The valve, valve spring
and r~taining assembly is shown in Fig. 14.

EXHAUST
VAlVE

The dimensions and markings of t.h,!t intake
valves for the TO-30, TE-20 and rOc.'iO are
Iisted below.

Head Dia.
Face Angle
Margin
Stem Dia.
Total Length
Head Marking
Stem Marking

TO-30
1.273-1.283"
300
3/64"
.3141-.3149"
4"
IIINU

Z-205

TO-20&.TE-20
1 .010-1 .020"
450
3/64"
.3141-.3149"
3 31/32"
It IN"
Z-222

The stem is marked near the pin end and .
the "IN" is forged on the IJnder side of the
head.
EXHAUST VALVE
The exhalJst valve is also a one-piece forging but is made of a special X.C.R. alloy
steel. Areta iner lock groove is cut in the

Fig. 15
The exhaust valves used in the TE-20 and
early TO-20 engines were hOt equipped with
rotocaps. These valves incorporated a hole
in the stem an '; a retainer pin similar to the
arrangement IJsed on the intake valve. The
assembly, however, did not incllJde a neoprene gasket and the spring retainer is of onepiece constrlJction.
The rotocap kits, available for installation
on TE-20 and TO-20 tractors, do not incllJde
the special valve cap.. When this kit is installed, the rocker ann is in direct contact
with the valve stem.

7
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The dimensions and markings of the exhaustvalves for the TO-30, TE-20 and TO-20
are listed below.
TO-30
TO-20& TE-20
1.135-1.145" 1.135-1.145"
Head Dia.
440
Face Angle
450
Margin
3/64"
3/64"
Stem Dla.
.3124-.3132" .3124-.3132"
Total Length 4 1/16"
4 1/16"
II EX"
Head Marking II EX II
Stem Marking Z-208
Z-203
The stem is marked near the retainer end
and the "EX" is forged on the under side of
the head.
The exhaust valves of all TO-30 tractors
and some late TO-20 tractors are equipped
with "Rotocaps" which greatly increase the
Iife and efficiency of the valves. The "Rotocap", see Fig. 16, consistsofa machined body
containing recessed inclined races. In each
recess is fitted a steel ball and a small compression spring. Over this ball is placed a
dished, spring steel, Belville washer. The
washer is held in place by a formed cap and
spring snap ring. TheJunction of the Rotocap
is to positively rotate the valve at a predetermined rate.

thus reducing the tendency of the valve to
stick and burn, a wiping action of the valve
face on the seat preventing deposit build-ups
between the two surfaces and thereby eliminating blowby and burning and prevents long
exposure of any part of the va Ive face to
local hotspots.
The "Rotocaps" are trouble-free, require
very little service and no special installation
procedure is necessary. Any time that the
valve cover is off, they should be inspected
to see that they are rotating freely. This is
the most practical test of their condition. If
for any reason, the Rotocaps appear damaged
or defective, they should be replaced by new
Rotocaps and the valve lash reset. The Rotocaps are secured to the valve by spl it-type
retainers. A. 130 in. diameter hole is
drilled into the end of the valve stem to receive a valve cap.
INSPECTION
As the valves are removed from the head,
they should be placed in a numbered rack.
After each valve has been inspected and re~
conditioned, it should be carefully returned
to its proper position in the rack so that it
will always be reinstalled in its original place
in the engine.

This rotation has the following effects:
less build-up of deposits on the valve stem,

The valves should be given a visual in- .
spectlon for the following defects..

Fig. 16

Fig. 17

8
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1 . Deep burns. Fig. 17. Valves which
have deep burns should not be reused as
grinding away enough metol to produce a
good face will leave too small a margin. The
metal behind deep burns is also very likely to
have lost its originol physical properties,
making its future Iife very short.

structure of the valve metal. Thus, an old
valve may pass tests but still t because of unseen metal weakness, have a very small
amount of useful life left. In this case, the
cost of new valves is justified to prevent
early failure which would require another
valve job.
Close tolerances in the valve assembly
train are very necessary for efficient engine
performance. Several gouge checks must be
mode on the valve before it can be determined if it is suitable for use. The checks
apply to new valves as well as worn ones.
The valve may be set up on V blocks or between lathe centers but it is much more convenieritto use a specially designed gouge fixture as shown in Fig. 19. Check for a bent
stem as follows:

Fig. 18
2. Necking. Fig. 18. This will show up
as a smaller stem diameter near the head of
the valve ond is a result of intense heat and
corrosion. Necked valves may break in use
and result in very expensive damage to the
engine.
3. Scuffing. Badly scuffed stems cause
rapid guide wear and should be discarded.
Slight scuffing at the ends of the guide contactarea may be polished with crocus cloth
and the valves returned to service provided
the stem diameter is within tolerance specifications as given later.
4. Worn keeper grooves. Worn grooves
will allow the spring retainer to cock which
lets the valve tip in its guide, producing
rapid guide wear and possible face leakage.
If the valve appears to fall even a little
short of meeting the necessary requirements
of a good valve, don't take a chance, discard it. Usually, it is good practice to replace the worn valves in an old engine that
has been opened up for other work. The extreme heat conditions under which valves
work, can over a period of time, change the

,

Fig. 19
1. Measure the diameter of the stem at
several locations along the shiny guide bearing area with a micrometer, as shown in Fig.
20. If tlte measurement is more than .001 in.
below that of a new valve stem (.3141 intake
and .3124 exhaust), it should be discorded,
as the valve must be a sloppy fit in the guide.
2. Measure the thickness of the valve
head margin. If the margin is less than 1/32
in :! . see Fig. 21, it should .not be used. A

9
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After a valve has passed the above inspection, it is ready to be refaced. The
grinding wheel must be dressed with a diamond attachment, see Fig. 22. The manufacturer's instructions for using the diamond
dresser should be carefully followed because
a good valve face is dependent upon a smooth
dressed wheel.
Frequent light
is advisable although one dressing is
sufficient to reface one set of valves
rinding is done properly.

Fig. 22
In the second step, the work head should
be set for the face angle desired. 44 degrees
for TO-30 exhaust, 30 degrees for TO-30 intake and 45 degrees for all TO-20 and TE-2Q
valves. Most modern grinders have a scale
wh ich is graduated for interference angles as
well as the conventional angles of30 degrees,
45 degrees, etc. Notice that the TO-30 exhaust valve has a face angle of 44 degrees
while the seat is ground to 45 degrees. This
leavesan interference angle of 1 degree. The
purpose of the angle is to provide a narrow
I ine of contact between the valve and its
seat so that the effect of carbon deposits is
minimized. The illustration, Fig. 23, shows

Fig. 21

Fig. 23

Fig. 20
narrow I margin increases the danger of burning and distortion.
RECONDITIONING

10
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the right and wrong ways to grind this angle.
It is ALWAYS the angle of the valve face
that is made less than the seat because the
contact line should be at the top' of-the valve
seat. In the "wrong" illustration, there is 'a n
opening between the valve and seat that is
exposed to the combustion chamber, Carbon
deposits would build up rapidly in this case
and soon cause trouble.
In the third step, the valve is chucked in
the work head. The jaw surfaces and the
valve stem must be clean so that the valve
axis is held true to the center Iine of the
work head arbor. An experienced operator
will tell whether the valve stem is distorted
or bent on the first poss of the .v alve over the
gri.nding wheel by the intermittent grinding
sound. Valve stem distortion or bending takes
place in the sect ion of the stem exposed to
the greatest heat, or that portion between the
valve guide and the head of the vaJve. When
the valve is chucked in the grinding head,
the section liable to distortion is outside the
chuCk. If this section of the stem is bent, it
will import an eccentric or wobbling motion
to the valve head. Consequently, on the first
poss across the grinding wheel, only part of
the valve face will contact the wheel, giving
an easily recognized grinding sound. After
the frrst pass, stop the machine and make a
visual check. The valve face will look like
Fig. 24 if the stem is bent.

Very Iight grinding cuts should be taken
across nearly the full face of the wheel to
distribute abrasive wear evenly. Only enough
metal should be removed to true the valve
face and provide a continuous even bright
surface. The more metal ground away, the
narrower the margin becomes : See Fig. 25.

Fig . 25
The fourth step concerns itself with Inspection procedures. The margin should be
checked again to make sure grinding has not
reduced it to less than 1/32 in. in thickness,
in which case it should be discarded.

Fig . 24

Fig. 26
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Finqlly, th,e face runout is checked with
the gauge fixture. ' This is shown in Fig. 26.
Most recent model valve grinders in:90od
condition and properly adjusted should produce a smooth, shiny valve face with not
more t~an .0005 in. to .001 in. total runout.
An excessive
amount of runout can be 'caused
I
by two, principal faults. Either the stem is
bent and distorted, or the grinder work head
chuck is not centering the valve properly. If
the runout gauge fixture does not indicate a
bent stem, it is fairly safe to suspect the
chuck. It is possibl e for even a brand new
grinder to have a faulty chuck and older
grinders with worn parts are very likely to be
off. The total maximum face runout must not
exceed .002 in. That is, the total dial indicator reading variation must be less than
.002 in.

VALVE GUIDES
In order to obtain a tight seal, 'the valve
face must be concentric with the valve seat.
As the I name indicates, the function of the
valve guide is to hold the valve stem true in
the center of the valve seat, see Fig. 27. On
an average, a valve opens and closes approximately one hundred million (100,000,000)
times before it needs servicing.

Fig. 28
In orderto properly grind a valve seat , the
grinder must be guided by a pilot. This pilot
fits into the valve guide and depends upon it
to maintain the true centerl ine of the valve
seat. If the guide is excessively worn, is
worn off center, or is bell-mouthed, Fig. 28,
is should be replaced before seat refacing
operations. It is, therefore, necessary that
the guide be within specifications before pro-'
ceeding further.

Because of wear and side pressures exerted
on the valve stem by the rocker arm, wh Ich
eventually make the guide bore egg-shaped
at the ends, we must provide for replacement.

The head of the valve operates at a temperature from six to seven times as great as
the water jacket. There is, therefore, 'a
transfer of heat from the valve head ,to the
water jacket. From the illustration, Fig. 29,
it can be seen that there are two paths for
this transfer. One is through the valve face
to seat contact and the other is through the

Fig. 27

Fig. 29
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the Iife of a valve.
When the valve guide bore becomes overly
worn, it can be the prime cause af excessive
oil consumption. The differential pressure
resulting from the partial vacuum in the intake port and atmospheric pressure on the top
side of the cyl inder head forces the 011 down
between the guide and stem into thecambustion chamber where it is burned .
INSPECTION
Fig. 30
valve stem to guide contact. Thus, a second-'
ary, but very important, function of the guide
is to conduct heat from the valve to the coolant. Notice that the stem to guide contact
area is much greater than the ,face to seat
area, plus the fac t that face to seat contact
is maintained for a relatively short time . As
the valve guides wear, the heat transfer effic iency is lowered . Th is is aggravated by
the fact that worn guides tend to allow varnish and carbon deposits to build up faster,
wh ich further impedes the transfer of heat.
From this discussion , it may be seen that proper maintenance of the guide is important to

The guides should be tharoughly cleaned
with a motor driven wire brush manufa:ctured
expressly for this purpose, see Fig. 30. They
should be cleaned with a solvent qnd blown
dry by compressed air. Replace any- guides
wh ich a re damaged or show severe scaring of
the inner bearing surface. The next step is a
dimensional inspection. The inside diameter
should be checked with one of the small-bare:
gauges which are inserted, fitted, locked and
then measured with a standard micrometer,
see Figs. 31 and 32. The small-bare
gauge sho~ld be used because it is difficult
to detect bell-mouth and oval wear with a
plu,g ga'uge . The inside diameter must nat
exceed . 3177 in. at any point.

Fig . 31

Fig. 32 ,

type
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INSTALLATION
I

Gujde installation must be carefully done
to prevent distortion of the guide which might
result In throwing the valve out of line. It is
esp.ecil' II y essent ia I to prevent damage or d istortion of the port end of the guide. Replacement i,s made easy by the use of the special
tools, seen in Fig. 33, . which are Ferguson

Fig. 33
design.e d and have been released by specialty
tool manufacturers. A long bushing is used
for the TO-30 exhaust valve guide which has
a deep counterbore in the head. The short
bushing is used on the TO-30 intake valve
guide. The short bushing will also be used
for both intake and exhaust guides on the TE20 and TO-20 engines. In use, the bushing
is placed over the top end of the old guide,
a combination mandrel and al igner furnished
with the bushings is used to center a new
guide placed on top of the old one. An arbor
.press must be used as the guide should never
be pounded into position. Using the method
illustr~ted in Fig. 34, the old guide is used
to . pr~perly position the new guide for insertion. i As the new guide is pressed into position i ~ forces the old guide out. This has the
advantage of combining two operations into
one. The new guide which is always inserted
from the TOP of the cylinder head, is pressed
down until the mandrel contacts the top of
the bushing. This automatically positions the
top of the gu ide the correct distance below
the top surface of the head. NEVER ream

Fig. 34
Ferguson guides after installation as all service guides are finished to the proper diameter. Ertel guides, Fig. 35, are used to
service all Ferguson tractor engines. These.
are a new' development incorporating a fine
spiral groove machined into the inside surface
much as in the barrel of a rifle. The groove
assists in maintaining proper lubrication of
the valve stem and helps to prevent varnish
formation. Since the groove is only .002 in.
deep, careless reaming would quickly destroy its effectiveness.

VALVE SEATS
After checking the valve guides and rethat are worn or
, the

COMMON
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Fig. 35

ERTEL

next step is to recondition the valve seats.
Valve seats sllrve two primary functions. In
the first plc;tce, they provide a sealing surface
for the va Ive face. ' Tremendous heat and
pressures must be sealed into the combustion
chamber and a poor valve face or valve seat
cannot hold them. A leaking valve seat will
permit loss of fuel mixture on the compression
stroke of the piston and loss of power on the
power stroke. On the exhaust valves, the
blow-by of hot gases will quickly ruin the
valve. Poor valve seating quickly ruins efficient tractor performance. In the second
place, good contact between the valve face
and valve seat serves to conduct heat 'from
the valve head to the coolant.

dure is a critical one and poor workll)ansh'ip
can lead to .a lot of unnecessary t,wuble and
expense, both of which result in a ,dissatisfied
owner. The old insert may be removed by
using one of the 'special toolsdevliloped for
this p'urpose. F.ig. 36 s,hows the Bishman ring
extractor tool in use. It is essentiallYl,a fixture with three hardened points whJc~ is installed so that the points contact the junction
of the bottom of the insert with the, bottom of
.the rec;ess. As the points are expanded, they
bite into the insert and it can then be Ipulled
out of the recess. This methad qf removal
gives a minimum of head distortion and recess
damage.
"'

t~e

Removing an old insert and replacing it
with a ' new one is a relatively simple mechaniCaloperation. Nevertheless, this proce-

'In preparing
old recess for tJ e new
insert ," the ' problem of 'interference afises.
Since both the seat insert and the recess have
straight, sll)ooth walls, we must provide some
method of holding the insert into the recess.
Inserts us~d in Ferguson tractors are a s:ast
iron alloy and depend upon an interferen~e
fit to hold the:n in place. The recess is cut
.003 in. smaller , than the outside .diameter
of' thE! insert. This makes the, inSef t ja very
t!ght fit into . the recess see Fig. '37. , 1he
amount of interference used is rather critical. If too' little interference is used; the.
insert moy' loosen and cause trouble. 'Oddly,
enough, if tclomuch ;nterference· is present·,
the same trouble will develop. Some me:chanics have been careless in the.ir. proce':'

Fig. 36

Fig. 37

INSPECTION
After cleaning all carbon from the seats
with a wire brush, wash them with a solvent
and dry with compressed air. Make a visual
inspection for fine hair-line cracks which are
most likely to be found in the exhaust port
seat inserts. Check the inserts very carefully
for looseness. If a seat is cracked or loose,
it must be replaced. Install a new insert also
if any of the old ones are badly burned or
pitted.
INSERTS
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dure and had new inserts come loose after a
short :time. They wrongly assumed that there
hadn't been enough interference and used
still more interference next t ime. When excessive interference is used and the insert
expands due to normal engine operating temperature, it has been found that terrific pressure is developed wh ich crushes the crystalI ioe structure of the iron in the insert and
head. As soon as this occurs, the insert
qUiCk'ly loosens. The more interference used
or the tighter the fit over .003 in., the
quicker the insert loosens in use.
Fig. 39
and the boring tool holder bolted to the
head, see Fig . 39. Specific instructions for
this installation are given by each manufacturer for his particular equipment. The
cutter may be either, hand or motor driven,
one way does just as good a job as the other
except for 't he factor of speed. The main
things to watch for are, that the cutter has
not worn to the po int where the recess is undersize, that the recess walls are smooth and
even and that the floor of the recess is square
with the sidewalls . Before installing the new
insert, make sure that the recess is CLEAN . .
Any chip, carbon or dirt under the insert will
prevent it from seoting properly.
Fig . 38
Because the accurate fit of the old recess
is Iike,ly to be changed by removal of the old
inserti, 'all cif the inserts furnished for service
use a~e .010 in. oversize. Each insert is
stamped + .01 O.
I

NEVER install a seat without ushg a pilot

A new recess must be cut for the .010 in.
oversize insert. Several recess boring kits
are
the market but it is important to see
that fhe sl"ecial boring tool, which is ground
to' Rrecise 'Ilmits by the manufacturer, is the
riglit h ize for the insert. The cutter, Fig .
38,
- -,for" the TO-20 and TE-20
. should be
1.1'36I in .. and the cutter for the TO-30,
1 . 261 in. The pilot is inserted in the valve
guide, a cutter head and spindle positioned

+
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to make sure it is squore with the recess. The
pilot used in boring the new recess is left in
place, the new seat positioned and a driver
with the correct size extension dropped over
the pilot, see Fig. 40. Some mechanics like
to use a I ight coating of a special cement on
the valve seat ring. Others prefer to peen or
rOil a small amount of the head metal over
the insert edge after installation to insure a
tight permanent fit. Either or both of these
precautionary measures have much to recommend them although they are not absolutely
necessary if the proper interference has been
provided.

A motor driven seat grinder is a must.
Several types are on the market and operating
procedure varies slightly depending upon the
kind used. The manufacturer's recommendations should be carefully followed and when
new equipment is purchased, a demonstration
should be insisted upon. There are several
makes of motor driven grinders available.
Three basic types are offered-straight concentric grinders, vibro-centric g·rinders and
eccentric grinders. It is not the purpose of
this manual to discuss the relative merits of
each, other than to say that they will all do
an acceptable job if correctly used.

General procedure consists of the following:
1. Inspect pilot to make sure it is not
bent by checking it on the gauge, see Fig.
41. Use a micrometer to check for excessive
wear.
2. Unless the seats are in extremely bad
condition, a fine grit seat dressing . stone
should be selectee and dressed on the ~pecial
fixture provided, see Fig. 42. Take very
I ight cuts across the face with thl1 diamond
dressing tool and remove only enough grit to
true the face. If the diamond is moved slowly
across the face, a sm oother surface will' re.,
suit which is a desirable condition.
3. Tighten the pilot in the valve guide,
see Fig. 43, and lubricate it with a fe.w drops
of light oil. Install the stone on the grinder
motor and place over pilot. On TE-20 and
TO~ 20 eng ines, a 45 degree stone is u~ed for
both intake and exhaust . seats . On TO-30
engines, 045 degree stone is used on the exhaust seats and a 30 degree stone on the intake seats. Feed the grinder down onto the
seat slowly, being careful not to exert pressure .downward or sideways, see Fig. 44.
Take very Iight cuts and check often so that
only enough metal is removed to clean pp th.e
seat and give 0 continuously bright surface.
Remove the
ond instoll 0 seat runout

Fig. 41

Fig . 42

GRINDING
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Fig. 43

' Fig. 45

Indicator, furnished by the grinder manufacturer, on the pilot spindle. The indicator is
a special fixture holding a dial indicator
gauge and a contact point which rides on the
valve seat, 'see Fig. 45. The point transmits
any face irregularities to the gauge. The
seat faces are relatively small and may require a special contact point before the in-

dicator will work'. Seat runout must not exce~d .002 in. total indicator reading .
4. The width and location of the contact area are the next things that should be.
checked. Apply a I ight coat of pruss ian blue
to the face of the valve, insert ii into its seat
and turn it through an ,a ngle of 10 to 15 de,.
grees. The area of the, valve face from which
the blue has been removed will indicate the
width ofthe seat and its location on the face,
see Fig. 46. The contact area must fall in
the midd Ie of the face so that the tWo sharp
edges of the seat may ch ip 'a way any carbon
or lead deposits which might interfere with
the seal ing action. If the contact area is too

Fig. 44

Fig. 46
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Fig. 47

Fig. 49

Iowan the valve face, see Fig. 47, the outer
or thin edges of the valve can become too
hot through poor cooling contact. The remedy
is to cut deeper with the seat grinder.

portant factor in the Iife of the valve. The
seat must always be narrower than the valve
face and in our engine should be approximately 1/16 in. wide. If a seat is too wide,
it tends to collect excess carb.o n. If it is too
narrow, the transfer of heat from valve face
to coolant may be less efficient, and. the
valve may hammer down into the seat, decreasing the amount of lash. If the contact
area on the blued valve face is still too wide
after the above operations, a 60 degree to 70
degree narrowing stone may be used to remove enough metal from the . bottom edge of
the contact area to bring the seat to its proper
width. Fig. 50 shows valve correctly seated.

If the contact area is too high on the valve
face, see Fig. 48, the sharp edge of the seat
does not contact the face and carbon buildup is encouraged. A few I ight cuts with a 10
degree stone on 30 degree seats and a 15 degree stone on 45 degree seats will lower the
location of the contact.
Notice in Fig . 49 that the contact area is
now lower on the valve face but it is·still too
wide . This may result in a low valve closing
pressure which would encourage formation of
c·arbon deposit betwel!n valve face and seat.
The width of the contact area is a ve

VALVE SPRINGS
~ .. :rI,••

Fig. 50

Fig. 48
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are now in good condition, the next operation
has to do with the springs. The primary function of a valve spring is to hold the valve
c1osilc\ ' and make the tappet follow its cam
movement. Valves are opened by mechanical
cam action which works against the valve
spring pressure. The valve springs are coiled
from .142 in. diameter cadmium plated wire.
They are Qf"ound square on the ends and have
a dampening coil (closely wound coil) which
should be installed toward the head. If, for
some reason, the ends are not square with the
spring body, the pressure is uneven and tends
to wear the valve guide out-of-round and also
contributes to "sticking" valves. Therefore,
the first test will be to use a square ' to see
that the ends are square with the body, see
Fig. 51.

Fig. 52
load of frQm 47 to 53 pounds should be indicated on the dial. Compress the spring until
its length is 1 27/64 in., a load of 96 to 104
pounds should then be indicated on the dial.
Replace any spring wh ich does not meet this
specification.

ROCKER ARM ASSEMBLY
Fig. 51
Since the prime function of a spring is to
,prov Ide pressure, make sure that there is
neither too much or too little. The valve
follow
the cam closely at all times or the
must
,
\ \
timing will be affected. A weak spring will
allow the tappet to be thrown off the cam at
high speeds, causing valve flutter. This affect,s ,aJ! the valve functions and means loss of
'P9wer and economy. A spring which is too
strong causes the valve to give its seat a sevlire beating. Check the springs by measurIng the" over-all free length which should be
2 1/16 in. Place the spring in a suitable
spring tester as shown in Fig. 52 and compress
the spring until Its length is 1 45/64 in. A

A visual inspection of this assembly- should
be made to detect evidence of excessive wear
and to determine whether it will be necessary
to tear down the assembly . Wear occurs usu":
ally between the rocker arm bushing and
shaft, a Iso on the hardened rounded face at
the valve end of the rocker arm. Check first
to see if the arms are loose, on the shaft and
if any of the springs between the arms "eire
broken or damaged. Second, exam ine the
rounded valve contact buttons for excessi~e
wear or pitting.
DISASSEMBLY
If inspection of the assembly shows need
for new parts or refac ing of rocker arm ' buttons, disassemble as follows:
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Fig. 53
1. Remove the oil plug from each end of
the shaft.
2. Takeout the locating pin, see Fig. 53.
3. 'Press the arms, supports and springs off
the shaft, as shown in Fig. 54 .
4. Wash the shaft and parts in a solvent,
being careful to clean out any sediment from
inside the shaft and make sure all oil holes
are open.

, Fig.

54

ing, the complete rocker arm must be replaced.

,INSPECT ION
The rocker arm shaft is made from h'e attreated, seamless steel tubing with lubrication
hoJes and a locating pin hole . It is ground
to an outside diameter of .622- .623 in.
First, check the rocker arm bearing sur·
faces' of the shaft for scoring. Use a new
shaft if serious scoring is found. 51 ight scoring may ,be remedied by pol ishing with crocus
cloth.

Third, use a hole gauge to measure the
inside diameter' of the rocker arm bushings,
see fig. 56. They should not be more ,than
.626 in.
Slight weor or pittin'g of the rocker arm
butto,n may be ' corrected by grinding to a
5/16 in. radius, using' the special fixture
provided 'with the 'Valve grinding machine.,

Second, if no scoring is evident, use a
micrometer to measure the diameter of the
shaft at the points where there has been rocker arm . bearing wear, see Fig. 55. Use a new
shaft if diameter is less than .621 in .
The rocker arms are of stamped and welded
construction with a bronze bushing pressed in
place and broached to a diameter of .624.625 in. The bronze bushing is not serviced
separately and if it is worn and needs replac-
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Fig. 56

Fig. 58

see Fig. 57. Do not remove any more metal
than is necessary to produce a smooth, bright
surface.
Consult valve grinding machine
manufacturer's specific instructions for the
machine you are using. If the button is severely worn or pitted, replace the rocker
with a new ·one .

assembled only in the correct position . Now
look at a rocker arm . It is stamped either
"7R" or "8L" meaning that it is a right or
left-hand rocker and the rockers are not interchangeable. Oil the bushings of all the
rocker anms prior to assembly. · Place a "7R"
or right-hand rocker to the LEFT of the support with the valve or nonadjustable end toward the assembler, see Fig. 58.
Next,
place a heavy spring, an "8L" rocker, another support, a "7R" rocker, a light spring
and then the oil plug in the order given.
Starting at the RIGHT side of the pin, place
an "8L" rocker, a heavy spring, a "7R" rocker, a support, an "8L" rocker, another heavy
spring, a "7R" rocker, a support, an "8L"
rocker, a light spring and finally, the oil
plug in the exact order given. This completes
the assembly.

Fig . 57

Because of the locating pin, it is impossible to have the oil inlet and outlet holes in
the shaft in the wrong position. Note the oil
inlet hole in the bottom of the left end of the
shaft as it is assembled; it must match the oil
hole in the rear end of the head assembly.
Check to be sure each rocker anm lines up
with its valve.

REASSEMBLY
Reassemble rocker arm assembly parts by
proceeding in the reverse order in which they
were taken apart. Notice the retaining pin
in the shaft and use this as a starting point.
With this pin toward the assembler, place
one of the supports on the shaft. All of the
supports are alike and interchangeable. There
is a slot in the side of the support to fit the
pin. Because of this slot, the support can be

PUSH RODS & TAPPETS
The push rod is used to transmit cam action
from the tappet to the rocker anm. The bottom
end of the push rod is rounded to fit the ball
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and socket joint in the tappet . The upper
end has a half round socket to receive the
ball end of the adjusting sc rew . A visual
inspection of the ball and socket joints should
be made, d iscarding any that are excessively
wa rn or sco red . If scoring is found on one
joi nt , it is safe to assume t hat its matching
ba ll or socket, such as the o ne you cannot
see clearly in the tappet, is a lso scored and
both should be replaced. Discard any push
rod that is bent or damaged .

TAPPET ADJUSTM ENT
Reinstall the cylinder head as instructed
o n page 4 • Drop the push rods into the holes
in the head, making sure that th ey seat properly in the tappet sockets. Fasten the rocker
arm button in the socket of its push rod .
It is desirable to make a rough lash setting
before the engine is started. For th is purpose
use a feeler gauge to set the tappet clearance
at .01 5 in. cold .
As an e ngine warms up, its pa rts expand
and d imensions change, therefo re, it is recom mended that a small aux ilia ry fuel tank
be connected to the carburetor so that the
tappet adjustment can be made with the eng ine running at operating temperature, see
Fig . 59. Run the engine at a fa st idle for at
least twe nty minutes to wa rm it up. Reduce

speed to a slow idle . Loosen the lock nut on
the push rod end of number one rocker arm.
Turn the adjusting screw until a . 013 in.
feeler gauge will just pass between the rocker
arm face and the cap on the valve tip. {The
feeler should · be inserted from one side and
moved to the other side. If inserted from the
front, the roll ing action of the rocker arm
button might have a tendency to pull the
gauge through and give a wrong indication} .
Tighten the lock nut and check the setting
again to be sure it is correct . Repeat this
procedure for all valves , setting the intake
and exhaust valves the same. This applies to
TE-20, TO-20 and TO-3~ models. Install the
cyl inder head cover, using a new gasket on
mating surfaces which are clean and smooth .

CYLINDER BLOCK
The cylinder block is the main structural
part of the engine. It is a one piece casting
made from alloy grey cast iron. It has drilled
oil passages which eliminate all external lubrication piping. Passages surrounding the
c ylinders and valve seats carry the coolant.
Passage openings in the top of the block register with similar openings in the head, thus
joining the coolant and lubri cant passages in
the head with those in the block . The block
is properly machined to accept the heavy,
cast, wet type cylinder sleeves .

INSPECTION
After the cyl inder block has been stripped
of all removable parts, except the studs which
are screwed into it, the entire casting should
be thoroughly cleaned of all corban, oil and
dirt. The coolant passages should ,be cleaned
of rust and mineral deposits . A rifle brush
should be run throug~ all the drilled oil passages to clean out any .~arbon or other fore ign
matter.

ADJUST TO
.013" HOT

Fig. 59

The block is now ready for inspection .
The main thing to look for is cracks. These
sometimes occur between the cyl inders or
around the mounting holes. Any broken or
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damaged studs should be removed and replaced. Check the top surface of the block
w,ith a straightedge and thickness gouge. If
it is warped .020 in. or more, it must be replaced.

MODEL DIFFERENCE
, Replacement blocks for the TO-20 and
TE-20 are now being cast from the TO-30
patterns. These blocks have the drilled passage to the center camshaft bearing and must
be serviced with a TO-30 crankshaft bearing
insert set. Installing a TO-20 main bearing .
insert set in either the replacement block or
the regular TO-30 block will result in a
starved 'c enter camshaft bearing. The replacement block, cast from the TO-30 pattern is easily recognized and all engines
should be checked before servicing. The replacement block has a cast boss on the rear
right side of the block and two small casf
bosses on the right front of the block, see
Fig. 60. This rear boss is used to mount the
external oil filter on the TO-30 engine and
the tWo ~all bosses are used to attach the
generator mounting bracket. On blocks intended as replacement blocks for TO-20·and
TE-20 engines, none of the bosses will be
drilled.
The, cyl inder blocks of the TO-20 and TE20 tractors are the same and can be inter-

Fig. 60

changed. They differ from the block of the
TO-30 in the following respects: the TO-30
block has a cast boss and the necessary drilled
oil passages for mounting an external oil filter. The diameter of the lower cylinder
sleeve hole in the block where the two neoprene water seals are located is larger in the
TO.,.30 than in the TO-20 and TE-20. The
TO-30 also has mounting pads to which may
be attached a generator mounting bracket.
The center camshaft bearing of the TO-30 Is
pressure lubricated, therefore, the block contains a drilled oil passage joIning the center
camshaft and center crankshaft bearings.

SLEEVES
The cylinder, sleeves are of alloy cast
iron. They are wet type sleeves, that Is,
the coolant comes in contact directly with
the sleeves. The sleeves are sealed into the
block by two neoprene O-rings which fit in
grooves ara'und the bottom of the sleeve.
These grooves and the O-rings are manufactured to ' very close tolerances and they
should be treated with care at all times.
The top of the sleeves have a rim which fits
into a recessed diameter in the top of the
block. The sleeves are designed so that they
will 'protrude .0020-. 0045 in. above the top
surface of the cyl inder block when they are
assembled. This causes the rim of the sleeve
tci be forced down tightly against the bottom
of the recessed diameter in the ' block .thus
forming a seal when the c;:yII nder head ' is
bolted down.
Every Ferguson sleeve, including service
sleeves, is fitted with a piston at ' th~ factory. The sieeves and pistons are .avallable
only in matched pci'irs. This is done to insure
the best possible fit, a condition necessary
for an efficient, quiet engine. Matched pistons arid sleeves may be purchased only in
sets of four. However, the Dealer may break
them down and sell one matched. piston and
sleeve Ie the need arises.
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REMOVAL

'.'-

It is possible to replace cylinder sleeves
without removing the engine from_the tractor;
however, when such an extensive overhaul
, job is attempted, it is usually easier to remove the eng i ne from the tractor and mount
it on a stand or bench, as instructed 'on page
2. Once the cyl inder head lias· been removed, as described on page 3, '- and the
pistons have been removed, see page 27, the
cylinder sleeves may be pulled fro,m the top,
see Fig. 61. Remove the seals from the bottom of the sleeve and discard them.

,

'-

Fig, 62
al')y point exceeds 3.262 'in., tHe <cylinder~
must be replaced. Under no circumstances
should a~y 'attempt be made to, reboreo'r ream '
the cyl-inder 'sleeves but whenever the piston
.) hone n to
rI•ngs are .rep Iace d , use ' a cy I'In der
remove any vllrnishor gfazefrom the cylinder
wall. The' use of the cylinder honE! tends~>to
smooth out '~ny irregularities in ,t he cylinClEfr
wall and ' ~o~dition~ the wall for etter seat':
of th-e
Th is can
l:ie, perr
e is still
-bl
"

Fig. 61
INSPECTION
Clean the sleeves thoroughly and inspect
them carefully for any visual signs of wear or
other defects. If they appear to be in good
condition, measure them very carefully with
inside micrometers, see Fig. 62. The sleeve
is manufactured w.ithan inside diameter of
3.250-3.252 in. ' The maximum limit for outof-round is .001 in. cind the bore should ta'per
from .0002-.0015 in. being larger at the
bottom thcln at the top. Whenever the 'cy:"
linder is' worn so that the inside dif.meter at

Fig . 63
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see Flg. '63. Also, the cylinder sleeve may
be clamped ina soft-jawed vise for this honing operation. Great care should be exercised not to remove more material than necessary to properly clean 1,Ip the ,cylinder.
INSTALLATION
The sleeves should be installed as follows:
be sure the sleeves are absolutely clean on
the outside, especially around the top and
bottom where they are to seal with the block.
' Remove any loose rust or scale from the water
passages in the block'- This will insure that
contamination will not geton the sealing surfaces as the sleeve is inserted. C lean the
sleeve holes in the block, scraping or wire
brushing any rust or scale from the recessed
seat at the top of the block and from the
ta~red portion of the lower seatwhich guides
O-ring seals into place, see Fig. 64. Wash
these areas with white gasol ine and blowout
with compressed air. Coat the packing rings
with vasol ine, ' slip them over the lower end
of the sleeves and seat them in the grooves
being very careful not to get them twisted.
COCltthe entire sealing surface of the cylinder
with vasoline, see Fig. 65, and slip it into
the, hole in the block-being careful not to unseat the seals as they pass through the top

Fig. 65
hole in the block. Center the lower end of
the' sleeves in the lower hole in the block.
In some cases, it may be necessary to lay a
block of wood across the top ofthe sleeve and
tap it ihto place with a mall et, see Fig. 66.
Install all the sleeves in the same manner.

Fig. 66
MODEL DIFFERENCE

Fig. 64

The design specifications and servicing recommendations given for the TO-30 tractor
cylinder sleeves apply to the TO-20 and TE20 tractors with the following exceptions: the
inside diameter of the TO-20 and TE-20
sleeve is 3.1875-3.1895 in. instead of 3.2503.252 in. as in the TO-30 . When these
sleeves are worn so that the inside diameter
at Clny point exceeds 3.1990 in., they should
be replaced . .
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PISTON ASSEMBLY
The pistons are cast from an aluminum alloy. This material is light in weight to minimize inertia forces and has a high heat conductivity property which causes the piston to
dissipate. heat rapidly and run at a cooler
temperature. The piston has four ring grooves,
there are three compression rings and one oil
control ring. The piston is of the "T Slot"
type. It has a T-shaped slot cut through the
sk irt on the compression thrust side and a
series of oil holes located just belaw the bottom piston rings in the pawer thrust side.
The piston is cam ground; that is to say, it is
of greater diameter at right angles to the pis·ton than it is in line with the piston' pin.
This combination of slotting and cam grinding
causes the flatter sides of the piston to be
forced outward when it expands due to the
engine heat, making the piston assume a
round shape. This design permits the piston
to expand without seriously reducing the operating clearances.

Assuming that the cylinder head and ail
pan have been removed, see page 3 , the
next step is the remova I of the ri~ge from the
t~pof the. cylinder. This operation is performed by anyone of several commercial tools
wh ich are on the market and are designed for
the job. Insfructions for the operatian of this
tool shoulcl c?rne with the tool but essentially
the aperation consists of moving the piston to
the bottom of its strike and inserting the tool
so that the cutter is in position to remove the
ridge, see Fig. 67. The cutter is then fed
into the ridge until it just bears and a series
of I ight cuts is taken until the ridge has been
removed. Be very careful not to cut into the
area of piston ring travel. If tlfe piston is
forced out of the cy Iinder before the ridge is
removed, the ring grooves may be spread and
the lands bent or broken.
"
.
"

Whenever the pistons are to be inspected,
they should be removed as described below.

Rotate the crankshaft till the piston to be
removed is at the bottom of its stroke. Re'move the cap from the connecting rod and rotate the cra l1 kshaft till it is out oHhe way :,
Remove the bearing liner from th'e connecting
rod and with a stick or. hammer handle, press
on the end af the connecting rod forcing the
piston up out of the cyl'i nder, see Fig. 68.
C lean the entire assembly by immersing in
any solvent which will loosen the carbon and

Fig. 67

Fig. 68

REMOVAL
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or in the oil, wnl, of course" hasten , this
wear. Such wear results in excessive c'learances and is responsible for oil cansumption
and engine knocks. The piston must be carefully checked for scuffing or scoring, cal.,.
lapsed skirts, worn or damaged ring grooves
and lands, cracks, burned spots and correct
fit in the cylinder.
'
Scuffing or scoring is usually apparent on
the, thrust faces as scratches or grooves worn
in th,e piston skirt. If the scuffing is severe,
the piston, must be discarded.
,3

"'

.....,

I

'"varnish

Fig. 69

1

d~posits.

The piston rings should be
,r,e!Tloved~ith a piston ring toal ,see Fig. 69.
: ~e sure ,all 9il holes are clean and clean the
ring grooves with a groove cleaner, see Fig.
70. To remove the piston pin from the piston,
,j,~ i~ nel:.essary to use a brass arbor or a hardwood , dow~1 ,or else immerse tfte assembly in
I the pin may be easily removed.
hot

Fig. 71

Fig. 70

"

I
INSPECTION
I .

,.

'

'

.~-:-.

1 After tile piston andrQCl assembly has been
, ~ leoriedand",disO~em\>led, th~ parts should \;Ill
insPectea~ The' wea r that ocb irs on pistons is
baused'.chiefly by sidew,ard ' force~ ..imposed on
the .piston by the connectin'g rod.' Any dirt,
either in the air in which the engine operates
~

"

~

Worn ring grooves are obvious when a new
ring is placed in the groove and a feeler
gauge , is inserted beside it as shown i~ Fig.
71. If .the clearance between the side of-the
ring and the wall of the groove is .005 in. ar
more when measured at a point 1/16 in. from
the outside diameter of the piston ring groove,
. the piston and sleeve must be replaced.
.IHhe skirt of the piston is collapsed, this
can be recognized by meosIJring
With q micrometer, 'see Fig. 72. Measure
the 'diameter of the top of the skirt at right
angl.est.o 'the piston pin and compare this with
the diameter 'of the bottom of the skirt also
measured at right angles to the piston 'pin.

'~,ond}-tjon
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iron. There are three compressio'n rings and
'an oil control ring. The first or tqp ring has a
straight face and the word "TOP" stamped on
it. The second and third rings have a tapered
outside face and also have the word "TOP"
stamped on them'. The fourth ring is a ventillated type oil ,control ring.
There are ,'i,Xo service ring sets available.
One to servide: the ': r0-30 tractor and the
other to servlce' tbe TO-20 and TE-20 tractors. The fir-sf 'kit ,is a standard ring set,
composed of f~':Ir cast iron rings for each piston. This kit may be used to service engines
in which the m;ximumcylindersleeve wear i~
.004 in. or less.
Fig. 72
The diameter at the bottom of the skirt of a
new piston should be .0012 in. greater than
the diameter of the top of the skirt. No
minimum allowable diameter of the piston is
given here. The maximum allowable wear on
the cylinder sleeve is .010 in. It is felt that
this amount of wear will occur on the cylinder
sleeve before a serious amount of wear occurs
on the piston itself. Since both the sleeve
and the piston must be replaced together in
matched sets, the inside diameter of the
sleeve best indicates the wear that has occurred.

MODEL DIFFERENCE
The principal difference between the pistons of the TO-30 and those of the TO-20
and 'TE-20 is the concaved, or dished in, recess in the top of the TO-30 piston and the
differences in the diameter of the two pistons.
The approximate diameter of the TO-30 piston is 3 1/4 in. , while the approximate diameter of the TO-20 or the TE-20 piston is
33/16 In.

RINGS
The production piston rings with which the
engine is equipped are close grained cast

The second kit includes the following: a
tapered face, hard chrome-plate,d top ring;
two grooved , outer face second and th ird
rings; and a ventillated oil ~~~tro~ fou~th
ring with a special ring expander.
The extremely hard chrome, facing resists
wear and tends to smooth the cyli~der walls,
thus giv.ing much better and far longer service
than ordinary replacement ring sets. The
spring expanders dre suppl ied t.o b,e used with
the oil control rings and they ac;complish tWo
things. First, they cause the rin~ to flex and
conform better to cyl inders which, haVe worn
out-of-round or tapered. SecQnd, t,hey tend
to support the piston centrally in the cylinder
sleeve, thus reilucing piston slap.
I
the installation of the "Standar.d'.~ ring kit
is at best a ",Stop-gap" procedur~;,ond in no
instance should this kit be used ifthe tylinder
wear exceeds .004 il). ' It is strongly r",commended " th~t ,yJh~rever possible tfie ,1ttlirome
Ring" kit be i."?talled. The own~~ will be
more than compe,ns(lted for this additional
cost by the extel)ded -life and bett.er performance of the tractor engine.
'
The replacement chrome ring kits are mad"
to service cylinders which have worn ds much
as .010 in. oversize. If it is found that
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the gap is too small, the ring can be filed till
the correct gap is obta ined. This operation
should be done with the aid of some sort of a
fixture to assure fil ing the ends of the ring
square and parallel, see Fig. 75.
The rings can best be installed with the
use of a piston ring tool. The rings should be
arranged so that the gaps on adjacent rings
are on opposite sides of the piston. Very
good instructions for installing are packaged
with the ring set.

Fig. 73
the cyl inder is worn more than this amount,
the piston and sleeve must be replaced. Before installing new rings, roll them around
the groove of the piston to be sure they do
not bind in any spot. Check the side clearance of the rings at this time as previously
described. It is also desirable to check the
end clearance oHhe rings when they are , installed i'n the cyl inder. With an inverted
piston, push the ring down into the cylinder
until 'it is near the bottom of its usual travel,
see Fig. 73. When measured with a feeler
gauge, the gap between the ends of the ring
should be at least .007 in., Fig. 74. If

Service ring sets for the TO-20 and TE-20
tractors are similar in appearance to those for
the TO-30 tractor, the difference being in
the ring diameter. The reason for th is is that
the older model tractors incorporate a smaller
cylinder bore. All service procedures are the
same for all three tractors.

PINS
A full floating type piston pin lOons the
piston to the upper end of the connecting
rod. It rides in piston pin bosses and in a
bushing pressed into the connecting rod. It is
held in place by snap rings wh ich fit into the
piston at each end of the pin. The pin is.hollow to reduce weight. It is mad& of alloy
steel and is cose-hardened, ground and lapped to provide an extremely smooth, durable
wearing surface.

Fig. 75

Fig. 74
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CONNECTING RODS
The connecting rods are of drop-forged
steel construction with an I-beam cross section. Their weight is accurately held within
1/4 ounce. The rods and their crankshaft
caps are numbered according to the cyl inder
in wh ich they are insta.lled. The crank ends
of the rods are fitted with replaceable bearing inserts . The piston pin bushings are of
rolled-bronze with an oil hole which al igns
with a hole in the rod. The bushings must be
reamed to fit the piston pins. After remov91
from the piston as described previously, the
rods must first be checked for straightness on
a connecting rod aligning fixture, see Fig.
76. Remove the bearing inserts and insta.ll
the bearing cap and ' piston pin. Then examine the condition of the bores, the piston pin
bushing and the cap bolts. The same rod and
cap is used in the TO-30, the TO-20 and the
TE-20 engines.

honed to fit the pin as outlined below. While
a sl ight amount of play between the piston
pin and the bushing will cause no serious
do;"age, it does ' make a very noisy engine
which is undesirable in any case. The bushing
removal and the procedure for pressing in a
new bushing is described on page 32. The
fit of the crank-end bearings is described on
page 34. The fit of the rod on the piston pin
and the assembly procedure are described ",n
page 32.
'
The manufactured diameter of a new piston pin is .8593-.8591 in . If the piston pins
show any sign of wear or damage, they should
be replaced. If the piston pin appears to be
in good condition and the proper fit can be
obtained in the piston, that is, a tight press
with the heel of the hand as shown in Fig.
77, the pin can be used and a new bushing

To check the piston pin bushing in the
connecting rod for wear, insert the piston pin
to be used in that particular connecting rod
and check for any looseness or slop. If any
looseness is detected, it is strongly recommended that a new bushi
be installed and

Fig . 76

Fig. 77
pressed into the connecting rod and honed to
properly fit the pin. If the engine has operated any appreciable amount of hours, the
piston pin bosses in the piston are probabl'y
worn to the extent that a satisfactory fit cannot be obtained unless an oversize piston pin
is used. There are available .003 in. oversiz~ pins for this need. In order to install
these oversize pins, it will be necessary to
hone the bearing surfaces of the piston pin '
bosses. ,An expanding hone should be used, I
see Fig. 78, to enlarge the piston pin holes
in the piston to such a size as to allow the
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Fig. 78

Fig. 81

pin to be pressed into place in the piston with
the heel of the hand. If a new piston pin,

either standard or oversize is installed, a
new bushing should be pressed into the connecting . rod. To remove the old bushing and
install a new one, use the special teols shown
in Fig. 79. Support the 'connecting rod in a
press and use the special bushing driver to
press out the bushing as shown in Fig. 80.
Place the bushing in'position on the connecting rod, making certain that the oil hole in
the top of the connecting rod is in line with
the oil hole in the bushing. Use the second
special bushing driver to press the bushing
into place as shown in Fig. 82. Press the
bush ing in until the driver contacts the face
of the connecting rod . Whether a
bush-

..

•

Fig. 79

Fig. 80

1
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Fig. 83

Fig. 85

ing is installed orthe old bushing reassembled,
the piston pin must be a thumb press fit in the
bushing, see Fig. 81. If a new connecting
rod bushing has been installed it will be necessary to remove considerable material from
the bushing to obtain the correct fit of the
piston pin •. 10 prevent excessive wear of the
honing stones, most of this material may be
removed with an expanding reamer as shown
in Fig. 83. Carefully clamp the connecting
rod in a soft-jawed vise for this operation, so
that the rod will not be distorted. Be extremely ,careful not to remove too much ma"
terial and always leave sufficient materia.1 so
that a ·flne hone may be used. The use of
a hone gives a smoother finish and, therefore,
a greater bearing area between the bushing

and the pin. Also extreme care should :be
exerc;.isec!, :';hen honing the bushing to make
sure that too much material is not removed.
Check the IfJt.of the pin often during the honing ' ope;ation'.,. , Either a wet typ~ or a small
p~rtable 'ali h'one is satisfactory for this job.
•
t Ir
l ~
FIgs. ~4 and 85 show the use of ~tl\ types ~

Fig. 84

Fig. 86

'l

,

\

As .with '~ny honing operatii.~,) n t~e engin,!!, 'be ye'ry careful to remove all abra,slve
dust after' t'he I~b is completed. •
:1:
~...

.

,

..;.

J

~

..

When assembl ing the connecting rod to
the piito,n' be very careful to h~ve ' the oil
spray hole in the. lower end
th~ c1:,nnecting
ro~, fa~ ing · th~: ..oppasite direction 1 fi-;,m the
vertical slot in the skirt of the piston, see
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Fig. 86. Press the pin in iust far enough so
that both snap rings may be installed. The
TO-30, the TO-20 and the TE..:20, all use
the same standard or oversize piston pins.

INSTALLATION
Ta install the piston and rod assembl ies in
the cylinders, start with the number one ass"mbly (indicated by a number (1) stamped on
the top of the piston). Lubricate the piston
rings with clean engine oil and compress them
with a ring compressor. Be sure the inside of
the cylinder is wiped clean and is lubricoted
with oil. Slip the skirt of the piston into the
cylinder and turn it so that the arrow stamped
on the top of the piston points toward the
front of the engine. Revolve the crankshaft
till the number one journal is at the bottom
of its stroke. With the handle of a hammer,
tap the piston into the cyl inder until the end
of the connecting 'rod is within an inch or so
of the crankshaft journal, see Fig. 87. Be
sure the connecting rod and the cap is clean
and dry before putting the bearing inserts in
place. Lubricate the bearing Inserts and tap
the piston until the rod is seated on its journal. Guide the rod so that the edges do not
scratch the crankshaft journal. Install the
connecting rod cop, matching up the number

stamped on the cap with that on the rod, see
Fig. 88. Do not torque the bolts until all
the caps are in place. Tighten all the connecting rod bolts, torquing them to 35-40
pound-feet. If the bearings are properly installed, it should be possible to move the rod
back and forth end-wise on the crankshaft
journal with one hand. After all the main
bearing caps and connecting rod caps are
tightened in place, it should be possible to
turn the crankshaft easily with the crank.

CRANKSHAFT
The crankshaft used in the Ferguson tractor is a one piece, steel forging, carefully
heat-treated. The crank throw bearing journals and main bearing journals are very carefully ground to exact specifications and the
crankshaft is carefully balanced before being
installed in the engine. Drilled oil passages
in the shaft supply lubrication to the various
bearing surfaces.
The crankshaft is supported in the engine
block by three main bearings and is provided
with an oil seal at each end to prevent the
oil from leaking out around the crankshaft.
The oil pump is mounted on the front main

Fig. 88

Fig. 87
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bearing cap, both being secured with the
same cap screws. The rear main bearing cap
is a section of the engine block. The removable section of t~e blo.c k is ground to fit
tightly into the bfock and two grooves are
filled with packing to prevent oil leaks.. The
crankshaft will seldom be' removed without
disassembling the rest of the engine. However, if such is the case, simply remove and
mount the engine as previously outlined on
page 2 . Then proceed with the disassembly.

REMOVAL
1. Turn the eng i ne over and remove the
oil pan ..
2. Remove the flywheel and rear oil seal.
3. Remove the nut, washer and pulley
from the front end of the crankshaft. Use the
special V-belt pulley remover as shown in
Fig. 89, to prevent damage to the pulley.
4. Remove the governor cover assembly.
5. Remove the oil tube assembly.
6. Disconnect the connecting rod bearing
caps and remove all bearing shells. Keep the
bearing shells together so that they may be
replaced in their same position if new shells
are not used. The pistons may be left in the
sleeves if only the crankshaft is to be checked.
7. Remove the three main bearing caps.
Lift the shaft out for inspection and checking.

fore, the caps must always be Installed in the
same position as they were machined. This
may be dane if a light chisel mark or mating
punch marks are made before the cap Is removed for the first time. Also, it may be
helpful to note that the notches for the tongues
of the I iners must be on opposite sides of the
shaft.

INSPECTION
The crankshaft should be completely
cleaned in a grease solvent. Run a rifle brush
through the oil passoges to clean them. All
bearing joumalson the crankshaft should be
inspected for forms of wear such as scoring or
ridging. If any such evidence is visible, the
crankshaft is unfit for use and must be reground. Installation of new bearing shells on
a badly ·worn, scored or ridged bearing journal will result in very short bearing I ife and
may possibly score the journal so badly thot it
will be impossible to recondition the shaft by
regrinding.

NOTE: Bearing liner seats are machined
in line with the bearing caps attached, there-

If the visual inspection of the shaft shows
it to be in good condition, the bearing journals should be checked for wear ·and out-ofroundness with a suitable micrometer, see
Fig. 90. The crankshaft for all three engines, TO-30, TO-20 and TE-20, are ground
to the same specifications . The spec ifications
are as follows:
Main bearing journals-2 .250-2 .249 in.
Connecting rod joumals-1. 9375-1. 9365 in.

Fig. 89

Fig. 90
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In general, if it is found that the main
bearing journals or the crank pin journals are
1T)0re than .0015 in. out-of-round or that the
taper wear of the journals exceeds .001 in.,
the shaft is not suitable for use and must be
reground. When reconditioning a crankshaft,
the jo,urnals should be ground down until their
diameters are .010 or .020 in. less than the
original diameters as listed above.
Measure each journal at a minimum of
four places to determ ine the size and the
amount worn out-of-round. Also measure
each end of. the journal to determine the
amount of taper.

s~rewdriver and pry the crankshaft as far as
possible toward the rear, see Fig. 92. ·Check
with a feeler gauge, the clearance between
the thrust face on the crankshaft and the fiber
thrust washer on the TO-30 or the thrust face
of the bearing shell on the TO-20. This
clearance should be .003-.007 in. It may
also be checked with a dial indicator. If the
clearance is not correct adjust by either
adding or removing shims between the thrust
plate and the thrust washer.

MODEL DIFFERENCE

,

If out-o'f-roundness is present in any degree, the bearings must be fitted with the
proper ¢Iearance over the largest diameter
of the journal. Full bearing Iife cannot be
expected with this condition existing.

INSTALLATION
After all bearings have been fitted to the
bearing journals, as described in the following
pages, torque the main bearing cap screws,
see Fig • 91, to 85-95 pound-feet. Assemble
the thrust washer, shims, thrust plate and 011
slinger on the crankshaft. Replace the governor housing and drive pulley and tighten the
cranking nut to 130-140 pound-feet torque.
Check the crankshaft end play by inserting a

The crankshaft used in the TO-30differs
from that used in the TO - 20 and TE-20 tractors in that the crankthrows have been lengthened 1/16 in. on the TO-30 crankshaft, thus
giving the engine a 1/8 in. longer stroke.
For this reason, the TO-30 crankshaft is not
interchangeable with that used in the TO-20
and TE-20. The crankshafts used in the TO20 and TE-20 are interchangeable and are
mounted in the same manner as that of the
TO-30 except that the original front bearing
shell of the TO-20 and TE- 20 has a flange
wh ich acts as the thrust face instead of the
fiber thrust washer found in the TO-30, see
Flgs.93 and 94.
For service, the fiber washer may be ,used
in the TO-20 and TE-20 provided the TO-30
shells are also used.

Fig. 91

Fig. 92
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Fig. 93

Fig. 94

MAIN & CONNECTlN·G
ROD BEARINGS

During operation of the engine, there is a
tendency for t h~ crank&haft to move longitudinally or endwise ill the bearings. This
movement is called "end ploy" and mud be
controlled within specified limits if the engine...is to give satisfactory service over a long
period ' of time. The forward thrust of the
crankshaft is taken by a fiber thrust washer
placed between the thrust face machined on
the crankshaft, and the fro~t main bearing.
ThE! rearward thrust is absorbed by a bronze
thrust washer between the crankshaft timing
gear and the block. The end play of the
crarkshaft is adjusted by varying the number
or thiclness of . shims on the front of the
crankshaft. These shims are available in the
tbickness of .002 or .008 In.

Both the main bearings and the connecting
rod bearings are precision, replacable insert
types. The inserts are steel-backed and ~ave
a lead base babbit bearing surface. Replac~:
ment bearing shells are available in standarq
size and .002, . 010 and .020 in. undersize.
The main bearing shells are grooved and
drilled to aid in directing the flow of oil,
and in maintaining a film of oil between the
bearing surfaces. It is always good proc,e dure
to check the 011 hole locations in the re l
placement bearing shell by comparing it with
the old shei I that was removed . Always check
to see that the oil hole in the beari.nR shell
registers with the oil hole in t~ block ~
The bearing shell is held in. position .in th~
bearing housing by the small projection called
a locking lip. The I ip fits in a special slot
provided in the housing, preventing endwise
movement of the bearing shell and keeping it
from rotating as the edge of the Iip butts
against the face of the mating half of the
bearing housing.

~

I~ ' fitting/ bearings to the crankshaft, it is

of ,greatest, importance to maintain the proper
oil' clea'rance between the bearing and , the'
C{dn~sbaft .1ourna I • The oil 'pumped under,
. -r·'
pressure to the bearings, has two , lmportant
fU,nclions. First, it prevents metal to metal
c;'-;,tad and in turn reduces the coefficie~t of..
fri:C;ion by providing an oil film between t~
maving ports. Second, it serves to 'cool th~ ,
bearing. Also, it should be roted that correct oil pressure is necessary to assure each
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bearing a controlled flow of 011 and meters a
correct flow of 011 throw-off.
It has I)een found that, for the size of
journals and the type of bearing used in the
Ferguson tractor engines, an oil clearance of
from .0015-.0025 in. will give the best results and provide long bearing life.
Note: "0 il Clearance", as used here is,
the difference in the diameter' of the crankshaft journal and the finished bore, diameter
of the instolled bearing shell. It is important
In fitting bearings that these limits be mointained.

INSPECTION
The recommended method for checking oil
clearance is by using Plastigauge. Plastigauge is a plastic material which flattens out
when placed between the crankshaft and the
bearing .
To determine the bearing clearance, place
piece of Plastigauge the width of the bearIng and ' crosswise ,In the bearing cap. Place
the cap on the bearing with the Plastigauge
between the bearing and the journal,and
tighten the cap to the correct torque (85-95
pound-feet) . Be sure the center bearing cap
Is installed. Remove the bearing cap and
match the width of the flattened Plastigauge
with the chart on the Plastigauge pocking to
determine the ' clearance in thousandths of an

inch, see Fig. 95. More detailed instructions for using Plastigauge are, packaged with
the material; The bearing clearances can
also be checked by using feeler gauge stock .
Various thicknesses of feeler gauge stock witf
have to be tried until one is found that creates
a drag on the bearing. The stock thickness
then will indicate the clearance in the bearing. Obtain pieces of stock '3/4 in. long by
1/4 in. wide and remove the edges using an
oil stone. Coat the stock with oil and place
It between the bearing shell surfal=e and the
bearing journals, ,see Fig. 96, then install
the ', bearing cap and torque the bolts to 85-95
pound-feet. Try each thickness of stock in
this manner until a slight drag is felt when
the crankshaft is turned. It will be necessary
to check each of the ma in bearings in ,th is
,manner to determine the clearance of each
bearing.
Note: The main bearings should be checked
with the piston and connecting rod assembl ies
out of the eng ine.

Q

When using this feeler gauge method to
test connecting rod bearings, ' no not icable
drag can be detected by rotating the crankshaft. Check by moving the rod back and
forth endwise on the shaft.
Carefully check the clearance between
each bearing and its journal. Make sure that
they are all within the specified limits.

Fig. 96

Fig. 95
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INSTAUATION
After the rear bearing cap is installed far
the final time , the graaves in its sides must
be packed with Rear Bearing Cap Packing. A
very satisfactary taol for this purpose can be
made by cutting the flat end offan old screwdriver and grinding a flat along the length of
one side to allow room for the wicking to
feed into the hole with the toal, see Fig. 97.
Force packing in by hand until the hole is
about one half full then drive it down firmly
with a mallet . Continue this process until
the hole is solid ly filled. Trim off the excess,
fl ush w'ith the surface, using a razor or sharp
knife .

MODEL DIFFERENCE
As stated before, the front main bearing
insert on the TO-20 and TE-20 , has ,a thrust
flange on the rear side of the bearing. On
the TO-30 engine, this flange is replaced by
a thrust washer . The second difference in the
two sets of bearing inserts is the center insert
on the TO-30 engine which has a hole fhat
registers with a drilled passage in the block.
This possage supplies oil to the center camshaft bearing. The center camshaft bearing
on the TO-20 and TE-20 engines is lubricated
by oil returning to the crankcase from the
rocker arm assembly. It is permissible to use
the TO-30 insert (the one with the extra oil

hole) in the TO-20 and TE-20 ~ut the aid
style insert (without the extra oil hole) must
never be used on the TO-30 . . TO-20 and
TE-20 replacement blocks, previously covered, also have a pressure lubricated center
cam bearing, therefore, the TO-30 insert 1I\'i'i$1,
be u~edin order to have adequate lubrication.

CRANKSHAFT OIL
SEALS
The crankshaft is provided with two oil
seals front and rear. These spring-backed
leather seals should be carefully inspected
for signs of damage ,ar wear whenever the eng ine is disassembled. The rear oil seal is
held in position at the rear of the engIne
'black by a special retainer.

REMOVAL
Th~ front seal is pressed into position in a
(ecess in the governor housing. The seal' may
be pressed out and a new one pressed in, as
shown' in Fig. 98. A felt dust seal is InstaU'e d
between the front oil seal and the fan..dt'iVe
,pulleY'. The bearing surface of the fan pulley
hub must, be in perfect condition.

INSPECTION
The oil seals should be replClCed' whenever
there is any doubt as to their condition. If

Fig. 98

Fig. 97
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the seals show any signs of wear, scratches or
cuts, they should be replaced. It is always
good pradice to replace the seals whenever
the bearings are replaced.

INST ALLA nON
Extreme care should be used when installing the rear oil seal on the shaft. Coat the
leather surface of the seal with vasol ine.
Use the specia I protector to sl ide the sea I on
to the shaft, as shown in Fig. 99. When install ing oil seals, always make sure that the
feathered edge of the seal faces the source of
oil. It is also very important that the bearing

Fig. 99
.surface of the shaft on which the seal rides
be perfectly smooth and free from any scuffing, scratches or nicks. A good practice is
to polish these surfaces with fine emery cloth
before install ing the ports: Accurately center
the seal when assembl ing and .check to see if
the seal is forced off center when the attached
screws are tightened. The oil seals on the
TO-30, TO-20and TE-20 engines are identica I and i nterchangeabl e.

CAMSHAFT
The camshaft in the Ferguson tractor engines is 'of cast iron alloy construction with

prec ISlon ground cams and bearing surfaces.
The camshaft turns in three ground bearing
surfaces in the engine block. The end play
is controlled by the thrust plate that bolts to
the front of the engine block. The TO-20
and TE-20 engines use the same camshaft.
The lobes of the TO-30 camshaft have been
redesigned, therefore, it should be used only
in the TO-30 engine.
The three camshaft bearings are lubricated
as follows:
Front camshaft bearing, all engines, receives oil under pressure through a drilled
passage from the front main bearing. Rear
camshaft bearing, all engines, receives oil
under pressure through a drilled passage from
the rear main bearing. Center camshaft bear··
ing, TO-30 engine, receives oil under pressure through a drilled passage from the center
main bearing. For the· center camshaft bearing of the TO-20and TE-20 engines, a boss
at the top of the bearing collects oil that i.s
return ing to the crankcase through the push
rod hoi es from the rocker arm assembly, and
delivers it through a drilled hole in the center camshaft bearing.
The front of the camshaft is drilled to a
depth of about four inches. The front bearing
journal has a drilled passage from the oil
groove to the hollow portion . of the shaft.
There is also a passage from the oil gro.ove to
the thrust face of the front bearing journal •
The· thrust plate has two metering notches
that register with the oil hole in the camshaft
thrust face once each 'revolution of the camshaft. 0 iI is del ivered to the camshaft bearing under pressure and as the camshaft rotates
and the hole in the thrust face registers with
a notch in the thrust plate, a squirt of oil is
delivered to the timing gears. Oil is also
directed into the hollow part ion of the shaft
from where it moves out past the governor
shaft, thus lubricating the governor and the
timing gears.
The camshaft is driven by the crankshaft
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"rocker , ann asse,m~ly, the push ro,ds and the
"governor' h,ousing remaved, sl ide' the governor
shaft and 'race assembly out of the end of the
camshaft ••', ".(.;:,
'Remove the nut which ' secures the
..
govern,o f:clr~v·er ,assembly. This removal ccfn
best be ~ec~mplished with, the timing gears in
place as .tJii! 'erankshaft can be blocked to
prevent rotdt);';', see Fig. 101. Remove the
gove~nor dr~iie assembly and pull the camshaft
gear', see 1".[9:, 102. After removing the two
bolts 'frdfu: ~h~~;thrust plate, the camshaft may
, be pulie(rfi:.rW~rp and out of the block.
"-

,

'.,

'

."

',~-:~'~"'-",~~";:

'rfi~ " pto¥~au:t!l for removing the TO-20
com~haft i's as follows: Remove the 'four screws

Fig. 100
through the timing gears and its purpose is ta
open and close the valves of the engine atthe
proper time. To aid in timing the camshaft,
two teeth on the camshaft gear and ane tooth
on the crankshaft gear are marked with punch
marks. In assembling, when meshing the' two
gears, place the marked tooth on one gear
between the two marked teeth on the other
gear, see Fig.1 00.

REMOVAL
With the engine

retaining the governor weight plate to the
camshaft timing gear and remove the plate.
Proceed as for the TO-30 or if the crankshaft
has been removed, rotate the camshaft until
the bolts in the thrust plate can be removed
through the holes in the timing gear. Carefully withdraw 'the camshaft throwgh the front
of the I:5lbck.

INSPECTION
Measure the 'bearing journals;f the camshaft with a suitable micrometer. If the diameters of the , journals are less than the fol ...
lowing, the shaft must be replaced.

Fig. 102

Fig. 101
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Fig. 103

Fig. 104
to 75 pound-feet of torque

Front journal-I.8070 in.
Center journal-I.7440 in.
Rear journal 1.6815 in.
The wear .o f the camshaft bearings in the
block may be checked with a hole gauge and
micrometer, see Fig.103, or by inserting a
new camshaft and a 1/4 in. wide piece of
feeler gauge stock .002 in. thick. This shim
should produce a very def.inite drag when the
camshaft .is rotated. When measuring the
camshaft bore of the block with a telescoping
gauge and micrometers, the block should be
considered unfit for further use ifthe measurements of the bare exceeds the following:
Front bearing bare-I. 8015 in.
Center bearing bore-l.7480 in.
Rear bearing bare-I.68SS in.
Check the distributor drive gear for chipped
or broken teeth or any signs of wear.
If any of the cam lobes show signs of excessive wear, pitting, scoring or other damage, the .camshaft should be replaced.
To check the end play in the camshaft.
sl ide the camshaft into position in the block
ahd bait the thrust washer in place, tightening the baits to IS~20 pound-feet. Install
the timing gear and tighten the retaining nut

Set up a dial indicator as shown in Fig .104
and pry the camshaft as far rearward as possible. Set the indicator at "zero" and pry
the camshaft as far forward as possible. The
end play should be between .003-.007 in.
If the end ploy exceeds .007 in., install a
new thrust plate.

INSTALLATION
Before install ing the camshaft for the final
time, be sure all the bearing areas are wiped
clean and lubricated with engine oil.. It is
also essential that the tappets be in pl~ce before the camshaft is installed.

TIMING GEARS
The tim ing gears couple the ·crankshaft to
the camshaft causing them to rotate in a constant relationship to each other. The camshaft gear has twice as many teeth as the
crankshaft gear , thus causing the camshaft to
rotate one half as fast as the crankshaft. The
valves must open and close at definite points
in relation to the position of the piston,
therefore, the two timing gears must mesh in
proper relationsh Ip to ·each other. Fig. lOS
illustrates the valve timing relationship to
p·iston travel and spark plug discharge.
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Fig. 105
Both the crankshaft gear and the camshaft
gear are available in standard, under or over
sizes. The gears are stamped "S"for standard "U" for under size and "0" for over size
with a number to show tne amount of over or
under size .
The com gear section of the block is also
stamped to show the original estimate of the
.,::orrect combination with an "5" or a
or (plus or minus) and a number to indicate the
amount of over or under size.

+

I NSPE;CTlON
Determine if the gears are visibly worn
or h~ve ' broken or chipped teeth. Check the
backlash between the camshaft and crankshaft
gear by mounting a dial indicator, as shown
in Fig .106, and measuring the free movement
of the gear. The backlash can also be measured with ' a narrow thickness gauge. The free
movement should be .002 in. ot less . Worn
camshaft and c~ankshaft bearings can also
cause excessive gear backlash . If excessive
clearance is experienced , make sure the
crankshaft and camshaft bearings and journals
are in go~d condition. However, if the wear
is found to be in -the timing gears, one or bath
will have to be replaced • .

REMOVAL
The crankshaft gear has two -tapped holes
in its face which will take baits used in pulling. The camshaft gear is removed with a
puller as shown in Fig.102.

Fig. 106

If new gears are to be installed, be guided
by the size of gears that were removed . The
backlash of .002 in . or less will be the final
defermining factor.
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INSTALLATION
With the keys in place, start the gears by
tapping with a ' mallet. Force the gears the
remainder of the way by threading the nut on
the camshaft to force the camshaft gear, and
by threading the crankshaft starting jaw
against the washer and pulley to force the
crankshaft gear.
In order to assure the gears are correctly
meshed ,for proper timing, the punch mark on
the crankshaft gear tooth must be assembled
between the two punch marks on the adjacent
camshaft gear teeth, see Fig.IOO.
Note: The timing gears and thrust plate are
interchangeable on all three model tractors.

GOVERNOR ASSEMBLY
Late TO-20 and most TO-30 tractor eng ines have a variable speed, centrifugal governor which regulates the engine speed as, the
load varies. The unit has ten evenly spaced
bali-weights held in a metal retainer which is
attached to the camshaft gear. The governor
mechanism is enclosed in the timing gear
cover and connected through its Iinkage to
the throttle and the carburetor butterfly. The
governor is lubricated by engine oil metered
from the front camshaft bearing.
By use of the hand throttle, a selection of
engine speeds from 400-2,200 RPM can be
obtained. Also, any selected speed betWeen
1,000-2,000 RPM can be maintained even
though the load may vary.

come the spring tension and partially closes
the throttle butterfly. A balance is reached
between the action of the ball-weights and
the spring tension, and is maintained until
either the load or position ofthe hand throttle
is changed.
When the hand throttle .is set for a certain
speed and the load increases, there is a tendency to reduce the relative force ';f the governor ball-weights, thereby, permitting the
spring tension to open the throttle butterfly,
compensoting for the increased load. Exactly
the opposite condition occurs if the load is
decreased.
Proper governor action must be obtained
to have steady and efficient lugging power.
Any binding or maladjustment will result in
faulty or erratic operation.
To check the governor action:
I. Start engine \must be at operating
temperature) .
2. Set hand throttl e for 1 ,000 RPM. Use
the engine tachometer in the On-The-Farm
Service Unit. Engine should be "revved-up"
then reduced to desired RPM.
3. Set master brake.
4. Sh ift to fourth gear.
5. Release clutch gradually, see Fig.l0?
6. Observe the governor action'.
The
governor lever should pull the throttle rod
quickly forward without delay. If it does
not, see if the bumper screw is backed away

ACTION
Opening the hand throttle increases the
governor spring tension. This, causes the governor Iinkage to overcome the force of the
ball-weights, thereby, opening the carburetor throttle butterfly and permitting a greater
amount of fuel mixture to enter the cylinder
which increases the engine speed. The increase in ,speed gives greater force to the
governor ball-weights, which begin to over-
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from the bumper spring. Thisis ~O'¥.~mplished
by back i ng the bumper screw P4t-t.!,i'lno spdng I
tension can be felt.
'"
4""
"
,
7. Recheck operation proc~'I'i~e I jt~i-qlJgh .
:;, if insufficient action' is sVlhp'feS'e:Qf:~a:b\c· ~'·
external governor linkage 'fot·~l)indfog"tQ:rid ·
proper geometry as described undei ' Gov~rrio:~:;
Adjustment. If the governor action 'remains
inoperative cit 1,000 RPM, the difficulty
probably results from internal binding of the
mechanism or from the governor bumper .spring
extending too far away from the gear cove'r'
assembly. The latter condition can!Je checke~'
by disconnecting the governor spring from the"
governor lever arm and pushing the governor'
lever to the idle position. If while in fhis
position, springy action is noted, the 'governor bumperspring extends out too (ara~d ";ust
be bent in towards the cover.
~

",'

!

",".'

REMOVAL
To remove the governor mechanism from
the tractor eng ine:
. I. Remove the tractor hood, fuel tcink
and rad lator.
2 . Place a portable jack under the engine
crankcase and remove the bolts atfachihg ' the
front axle support to the engine block. '
3. Raise the jack to a height sufficient to

allow, rlimClval ofthe crankshaft pulley. Re~
move thEvfan belt, the cranking nut and the
pulley. ,.' . '
.
. ' :4.:,~, DisC:onpect the carburetor control rod
t: . ".. ; ,.".".:c ... '_' 1:. ,.
•
and i the , 'govetnor spring from the governor
I.ever assembl y _
5. Remove the timing gear cover and the
gpy.~r.nOre'tlr(Jssembly, . see Fig.108. Remove
fh'egovernor .weight plate fram the camshaft
~eQr . · To do this cm the TO-30, 'it is necessqr1lto firsfl'eniove the timing gear. ret(Jiner
nut.. .0.0 t~e 10-20 or TE-20, simply remove
th¢ ' filin:-;S'ciews which (Jtt(Jch the weight pl(Jte '
to the timing gear.
... ;' ···T-," ... ··

REASSEMBLY
The governor shaft (Jssembly is supported
in the timing gear cover by two sets of needle
be(Jrings. An oil se(J1 (Jnd dust se(J1 (Jre installedin the housing (Jround the governor
sh(Jft. The sh(Jftis held 'in ,position 'in the
housing by a ' pin through the governor' lever
a nd the shaft. .
The flyweights for the flyweight typegovernors are sold as service items but · in the
case ofthe 'ball-weight type, the weight plate
and weights must be replaced as a unit.
The governor bumper spring is riveted ta
the timing gear cover, the tapered bumper .
screw is threaded into the housing and is positioned in front ,of the. bumper spring.

Fig. 108

To replace the needle bearings, oil seal,
dust seal or the governor shaft, it is neces::'
sary to remove the shaft ' from the cover as::,
sembly.To do this, caref.ully ~e'nter: punch
the center of the pin ret(Jining the rocker 'ann
to the shaft and the pin positioning the ,inner ,
bearing. Drill the pins out using a 5/32 In.
drill, see Fig.. 109. Withdraw the shaft from'
the housing and pry the oil seal out of the
housing using a heavy screwdriver.' The nee;die bearings may be' driven out of the housing
using a mandrel as shown in Fig.IIO. Before
reassembling, be sure that all the drlllsh(Jv-
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Fig. 109
ingsc;ore cleQned from the housing. When reass,embling the shaft in the housing, always .
use a new oil seal ,and dust seal; the old seals
will be ruined while ,removing. New needl~
bearings c,a n be driven into the housing with
the same mandrel used to remove them. Carefully drive the first set into the housing until
it just clears the pin hole in the ho~sing.
Drive the second set in until it is flush with
the battom of the counterbared oil seal hole.
Drive the oil , seal into position using a suit.,.
able bushing driver as shown in Fig .111. Replace the dust seal, governor shaft and rocker
arm. line up the holes in the shaft and rocker
arm ' and insert a new pin. Carefully head
the ends of the pin to hold it in position.

Fig. 110

Fig. 111

ADJUSTMENT
After the gaverno~ mechanism and linkage
is completely assembled, stle Fig.112, check
the bumper screw to make stre it 'is not interfering with the bumper spring. The screw
should be locked approximately one turn out
from the spring. Next, check the exterior
governor I inkage for binding, by opening and
closing the hand throttle and noting the points
listed below. If interference is present in the
geometry of the linkage, adjust to obtain the
, desired results as a proper functioning governor is, dependent upon complete freedom of
all compOnent ports.
1. <3overnor
spring and engine block.
,
'I
'
~ove .the Ucbalt assembly forward on torque
tdd,,' being g6reful not to have interference
b,etWeert com~~nsating spring' .and water out" '- -:
ti,·let elbow housing.
2'. Throtde rod and governo~ plate. Place
the tn;.ctor "wrench against the bottom of.the
v'ertical part':of the governor lever arm and
b~nd itoutWata until binding is eliminated.
3. Vertical 'ann of governor lever and fan
belt. The throttle rod should be shortened to
p~e"ent interference.
".4. Governor lever shaft and front cover,
housing. Remove governor spring from gover'nor rod slot and move lever back and forth to
check for binding. Binding may be due to
dirt or a damaged shaft. The latter will re-
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Fig. 112
1. 0 isconnect throttle rod from governor
lever.
2. Start engine.

quire removing the front cover'to correct.
5. Compensating spring or top of governor
rod and water outlet elbow ~o~sing. Move
U-bolt assembly bock on torCjue rod until
binding is elim1nated. Reche~k Step (1).
6. Throttle rod clevis pi" and governor
arm. Loosen lock nut and retighten, holding
clevis in a position where no bin~!ing occurs.
7. Cotter pin on carburetor end of throttle
rod and throttle lever asserrbly. Cotter pin
should be installed from the top of the throttle
rod with the pin neatly wrapped around the
throttle rod.

3. Hold throttle rod against idling stop
and adjust idle speed screw until 400-450 engine RPM is obtained.
4. Stop the engine.

Before checking linkage for length, check
engine idling speed as follows:

To adjust throttle rod length:
1. Open hand throttle fully to create ten-

Caution: Care should be taken to hold
throttle rod in an idle position when starting
engine. If this precaution is not taken, the
engine will speed beyond its normal maximum
engine RPM.
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sion on governor spring.
2. Adjust throttle rod length until it is
necessary to move the rod back sl ightly (1/32
in. or less) in order to insert the pin through
the throttle rod clevis and governor lever.
3. Lock clevis in position . Make sure
pin fits freely and that clevis does not bind
against governor lever.
NOTE: If governor arm interfers with the
fan belt, shorten the throttle rod.
To adjust governor rod length:
1. Place hand throttle lever in idle pa-.
sition, i.e., about 65 degrees forward from
the "full-open" position against the steering
wheel.
2. Observe if the governor compensating
spring link is touch ing the torque rod. If
not, loosen U-bolt assembly and rotate on
torque rod until it does. Retighten U-bolt.
3. 0 bserve if governorrod is long enough
to contact horizontal arm of governor lever
and hold throttle against the idle stop. If
not, loosen loc k nut on governor rod, remove
governor spring and adjust rod until it touches
the arm of the governor lever and holds it in
the "idle" position.
4. Recheck top engine speed, if not2,100
-2,200 RPM loosen U-bolt on torque rod and
adjust. If hand throttle interferes with hood,
a weak governor spring is indicated. Spring
should be replaced or shortened sl ightly. If
governor surges, it will be necessary to loosen
bumper screw and screw it in until surging is
eliminated. 'This adjustment should be made
with engine running at 1,000 RPM.
Caution: Do not turn bumper screw in any
farther than necessary as it will deaden the
action of the governor.
To remove hand throttle creep:
1. Increase spring compression on friction
disc under dashboard. If this does not remove

creep, replace friction disc .
NOTE : Care must be taken not to pasition
clamp where it will strike the battery.
2. Shorten compensating spring.
To correct hand throttle arc:
1. Remove and shorten governor spring.
2. If Step (1) did not correct, replace
spring.
To check engine speeds without a tachometer or revolution counter, jack one rear
wheel up off the ground, place a mark on the
tire and count revolutions per minute, while
operating ,the tractor in fi rst gear •
With a
rear wheel
RPM of

10
121/2
251/2
38
51
56

Engine
RPM
is
400
500
1000
1500
2000
2200

PTO
Shaft
is
145
181
363
543
727
800

Pulley
RPM
is
270
338
676
1014
1358
1493

MODEL DIFFERENCE
The major portion of all TO-20 and TE-20
tractor engines are equipped with a flyweight
type governor which has four evenly spaced
die-cast weights. TO-30 engines from Nos.
333437 to 334669 and from Nos . 334699 to
334742 have the flywe ight type governor . The
we ights are attached to the governor we ight
plate by clevis pins and are free to pivot on
these pins. The weight plate is attached to
the camshaft gear. The action, service and
adjustment of both types of governor is basica lIy the same. The TO-30 governor assembly
(Part No. Z -120 S-3080) may be used to replace similar parts of the flyweight type gov,,:
ernor.
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flywheel is removed by merely removing the
four nuts and lifting it off.
The ring gear should be thoroughly cleaned
and inspected for possible cracks, warping
and chipped or broken teeth. If the surface
which c~ntacts the clutch plate is scuffed or
ground, it should be turned down to produce
a smooth surface. If the teeth of the ring
gear are chipped or badly worn, the gear
should be drilled with a 3/16 in. drill, as
shown in Fig. 113 then cut with a cold chisel.
The new gear should be heated to 560 to 570
degrees Farenheit and driven firmly into
place against the rim of the flywheel.
Fig. 113

FLYWHEEL
The flywheel is a grey iron casting with a
flange around its outer edge. A ring gear is
shrunk onto the outer diameter and rests
against the flange.
The drive pinion of the starting motor engages this large ring gear. The rear face of
the flywheel must be smooth and true as it
serves as one of the pressure surfaces of the
clutch. The holes in the hub are drilled in
such a way that the flywheel may be bolted
to the crankshaft in only one position. The

The flywheel of the TO-30 and that of the
TO-20 are the same and are interchangeable
but the flywheel of the TE-20 is different. It
has a rim around the center of the flywheel
and the ring gear is shrunk onto the forward
side of the outside diameter.
Note: On TO tractors produced prior to .
Serial No. 10282, the ring gear is mounted
to the engine flywheel from the rear. If the
ring gear has become dislodged or needs replacing, no attempt should be made to install
a new ring gear on the old flywheel. Instead,
a new flywheel, Part No. Z-120C-4020
should be used.
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TROUBLE SHOOTING
TROUBLE
Excessive ,Fuel
Consumption

Excessive 0 II
Consumption

POSSIBLE CAUSE
1. Fue I Leak
2. Fouled Air Cleaner
3. Dirty orlmproperly Adjusted Carburetor
a. Metering Jet
b. Float Level
c. Idle Adjustment
d. Main Adjustment
4. Faulty Ignition
a. Timing
b. Automatic Spark Advance,
c. Distributor Points
d. Spark Plugs
e. Wiring
5. Improper Valve Timing
6. Worn Pistons, Rings or
Sleeves
7. Burned, Worn or Sticking Valves
8. ImproperValve Adjustment, Worn or Bent Push
Rods
9. Engine Overheating
10. Clutch Slippage
11. Excessive Power Train
Drag Due to Binding orWear
12. Brakes Dragging

1. 0 II Leak
2. Plugged Breather Pipe
3,. Worn Valve Guides
4. Worn or llifitted Rings
5. Worn, Scored or Outof-Round Cyl inders or Pistons
6. Worn Ring Grooves
7. Inverted Rings
8. Stuck Piston Rings
9. Loose Hubbard Plugs
10. Worn Neoprene, Oil
Guard Gaskets on the Intake Valves

TROUBLE
Loss of Power

POSSIBLE CAUSE
1. Dirty or Improperly Adj usted Carburetor
2. Faulty Ignition
3. Worn Rings, Pistons or
Sleeves, Burned or Sticking
Valves
4. Faulty GovernorOperation
5. Crack in Intake Manifold or Leaking Gasket
6. Blown Head Gasket
7. Brokes Dragging
8. ValveAdjustment, Worn
or Bent Push Rods
9. Connecting Rod or Main
Bearings Too Tight
10. Excessive Exhaust Back
Pressure

Erratic Misfire

1. Dirt in Carburetor
2. Weak or Broken Valve
Spring
3. Sticky Valve
4. Faulty Ignition

Pre-Ignition

1. Low Anti-Knock Fuel
2. Ignition TimingToo Far
Advanced
3. Engine Overheating
4. Heavy Carban Deposits
in the Combustion Chamber
5. SparkPlug NotofProper Heat Range
6. Overheated Valves are
Caused By:
a. Thin Edged Valves
b. Insuffic ient Tappet
Clearance
c. Incorrect Width of
Valve Seats
7. Distributor Advance

Continuous Misfire
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1. Stuck or Burned Valves
2. Blown Head Gasket
3. Faulty Ignition

ENGINE & CLUTCH
*

ENGINE KNOCKS
Locate the knock by using a sounding rod or by
shorting out each cylinder in turn
TYPE OF KNOCK

DISTINGUISHED BY

POSSIBLE CAUSE

1. Main Bearing

1. Usually a heavy
metall ic "bump", most
noticeable upon acceleration under load

2. Connecting Rod Knocks

2. Usually a light
pound or knock of
much less Intensity
than a main bearing
knock, usually more
noticeable during
deceleration
3. In some cases piston
slap causes a clicking
noise, but usually it
makes a hollow, muffled bell-I ike sound

1. Badly diluted or thin oil. Low
011 pressure. Insufficient oil supply. Excessive main bearing clearance. Excessive crankshaft endplay.
Out-of-round crankshaft
journals. Loose flywheel. Loose
timing gear.
2. Badly diluted or thin 011 pressure. Insufficient oil supply. Excessive connecting rod bearing
clearance. Out-of-round crankshaft journals.

3. · Piston "Slap"

4. Piston Ring Noises

4. Usually a sharp
cI ick or rattle during acceleration

5. Piston Pin Noise

5. Generally a sharp
double, metallic knock,
most noticeable when
the engine is idl ing

6. Other Knocks

3. Excessive piston -to -cyl inder
bore clearance. Insufficient piston pin connecting rod bushing
clearance. Collapsed piston skirt.
Connecting rod mlsol ignment. Eccentric or tapered cylinders.
4. Excessive side clearance of
ring in groove. Broken rings. Ring
striking ridge at top of cylinder
bore.
5. Excessive piston pin clearance
in either piston or connecting rod,
or both. Piston pin rubbing cylinder wall, retaining ring not installed or Improperly Installed.
6. Excessive camshaft end play.
Loose or broken timing gears. Excessive bocklash in timing gears.
Damaged governor assembly. Loose
cranking nut.
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CLUTCH
The clutch used in Ferguson troctors is 0
spring - Iooded, single dry plote type . The
springs ore supported between the clutch
cover, which is fostened to the engine flywheel with cop screws, ond the pressure
plote. In operotion, the clutch thrust springs
exert pressure ogo i nst the clutch pressure plote
which in turn tronsmits the pressure through
the disc ossembly to the engine flywheel,
thus estobl ishing 0 firm frictionol contoct between the disc ond the flywheel.
When the clutch pedol is depressed, the
clutch releose fork moves the clutch releose
beoring forword on the retoiner ond brings it
in contoct with the clutch releose levers ossembled to the clutch cover. The levers ore
depressed, thus cousing the pressure plote to
move owoy from the disc ossembly, thus releosing the pressure on it. The engine flywheel is now free to rotote independently of
the moin drive geor shoft. When the clutch
is disengoged in th is position, the engine
flywheel rototes obout the shoft extension of
the moin drive geor. A clutch pilot beoring
pressed into the engine flywheel supports the
shoft .
Most TO-30 troctorsore equipped with the
Rockford clutch, see Fig . 114. However, the
following Seriol Numbers ore TO-30 troctors

Fig. 115
equipped with the Long clutch, see Fig.115.
TO-103262 thru TO-106684
TO-107688 thru TO-108168
TO - 20 troctorsore olso equipped with both
the Rockford ond Long clutch. The Rockford
. clutch, Fig . 114, is the some os the one used
on the TO-30 troctor with the exception of
the pressure spring specificotions. The TO-20
Long clutch is similor to the Rockford clutch,
however, the ports ore not interchongeoble
except when the disc ossembly in the Long
clutch connot be repo ired, the RO.ckford
clutch disc ossembly moy be substituted. The
Long clutch ossembly, Fig.116, used in TO-20
production will be referred to os the TO-20
Long Clutch to distingu ish it from the TO-30
Long Clutch. The following Seriol Numbers
ore TO-20 troctors which were equipped with
Long clutches.
TO-15634 , TO-15635, TO-16052
TO - 16076 thru TO-16311
TO-18571 thru TO-19319
The TE-20 troctor is equipped with a Borg
&Beck clutch, see Fig.117 . The Rockford and
the Borg & Beck clutch cover assembly and
the disc assembly are interchangeable as
units, however, the individual parts that
make up the two assembl ies are not interchangeable.

Fig. 114

Note: Whenever possible, Rockford clutch
parts should be used to service all TO and TE
tractors. See Tractor Ports Book .
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9. Disconnect both rad i us rods at the
transmission and 'd isconnect the steering draglinks from the steering gear sector arms.
10. Place a wheeled jack under the transmission 'housin~' and support the engine so
that it will not tip.
11. &emove bolts holding transmission housin,g to engine,' move transmission and engine
apart;" Support rear of engine on a stand, see

Fig. lis.

,

12. , Remove fhe six cap screws holding the
clut~h asSen;bly to the flywheel by loosening
each ' ~ap sCrEiw, a turn-or-two at a time. This
prevents the cl'utfh caver rim from bending.

Fig. 116

ADJUSTMENTS

REMOVAL
1. Remove the battery .
2. Disconnect the primary wire from ,t he
voltage regulator and the starter switch leaving the wiring assembly attached to the dash.
3 . Disconnect the oil line at the gauge.
4. Loosen U-bol t ho lding the governor
linkage to the hand throt tle rod .
5. Disconnect the a ir cleaner hose from
the carburetor and the exhaust pipe from the
manifold.
6. Remove the choke rod .
7. Remove the bolts holding the fuel tank
to its rear support bracket .
8. Place two wood blocks between the
and front axle support to prevent

Never make the final adjustment of the
clutch release levers without first installing a
new disc assembly. If it is desired to reinstall
a used disc assembly after the clutch cover
assembly has been dismantled, the clutch release levers should be adjusted with a new
disc assembly in place. Then remove the
clutch assembly and replace the used disc assembly. Install the clutch on the flywheel
without disturbing the release levers.

ROCKFORD CLUTCH
Beginning with tractor Serial Number TO114747, a cushioned segment disc assembly
was installed. The clutch facings are riveted
to six steel spring arms, see Fig.119. These
spring arms are slightly curved or dished, thus
giving a cushioning effect as the driven plate
is
• The
effect results

Fig. 117

Fig. 118
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Fig. 119

Fig. 121

in a smaother clutch engagement. This cushioned disc should be used to service all
Rockford clutches. The part number of this
cushioned disc is TO-7550-3.

as outlined in "Adjustments", and a clean release cannot be obtained after assembling the
tractor, it will be necessary to remove the.
old clutch pedal and replace it with the new
revised pedal . The clutch pedal has been
revised to permit 5 in. of pedal travel instead
of 4 in. allowed by the old style pedal .

Although the cushioned disc ' is somewhat
th icker than the old type disc (TO-7550-2)
no change is made in the adjustment of the
clutch release levers. The adjustment is the
same for both types of driven discs.
The additional thickness of this cushioned
disc is compensated for by a greater cI utch
pedal travel. If a cushioned disc is installed
in a clutch which formerly had the old type
driven disc and the release levers are adjusted

Fig. 120

Before disassembling the clutch, mark the
pressure plate and cover plate with a center
punch so that they can be reassembled in the
same relative position to preserve the balance, see Fig.120.
DISASSEMBLY
1. Compress the clutch cover uniformly
in a press., as shown ' in Fig.121,or by using
C-clamps until the springs are compressed
enough to release the pressure on the clutch
·Ievers.
2. R'~move the eotter pins and the clutch
lever r.e lease pins that hold the clutch levers
to the pressure plate.
3. · Remove the. clutch release levers and
springs.
4. Carefully ,release the pressure on the
clutch cover until the springs are completely
released and lift off the clutch cover plate.
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4. Install the pin in t he lever and secu're
the pin with a cotter pin.
ADJUSTMENT
The release levers are set so that the' beari'ng contact s.urface of the levers are 1 13/16
in. from the, face of the flywheel. The height
of tli'elever is changed by turning the adjust..
"
ing sctelN
with a new friction di"sc, in place'.
Adjusf -'e ach lever until they just contact tlie,
Fig.124, and lock tl:!p adjusting
,.---.~..."

"

ASSEMBLY
1. Place thrust springs and thrust spring
cups on the bosses on the pressure plate as
shown in Fig.122.
2. Place the clutch cover in posi,ti,on .by
lining up the punch marks made be,fore dis':'
assembly.
3 . Compress the assembly until the release
levers ca.n be installed. Make sure that ,the
spring on the clutch lever is hooked under
the clutch cover, see ' Fig •.123. This spring
keeps the lever from rattling when the clutch
is engaged.

Fig . 124
screw in place by tighten ing the locking n~t '.
Check adjustment afte r tightening the lock
nut to make certain that there has been no
change in the adjustment . The correct notch
on the gauge for this clutch is mci ~ked "Rock,. .

Fig . 125

Fig. 123
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Fig. 126

Fig. 128

IlORG & BECK CLUTCH
Before dis~ssembl ing the clutch, mark the
pn!s~url\ plate and cover plate with a center
pu:nch so that they can be reassembled in the
same relative position . to preserve the .balance, see Fig.125.

DISASSEMBLY
1. Compress the clutch cover uniformly
in a press or with C-clamps, as shown in Fig.
126. Remove the adjusting nuts with a wrench.
, 2. Lift off the cover and note the location of all parts. Lift off thrust springs.

3 . To remove the levers, grasp the lever
and eyebolt between thumb and fingers so
that the inner end of the lever and the upper
end of the eyebolt are close together. Keeping the eyebolt pin seated in its socket in the
leverand tilt strut back until it clears the end
of the lever as shown in Fig. 127. Lift the
lever and eyebolt off the pressure plate.

ASSEMBLY
1. Assemble the lever, eyebolt and pin.
Holding the eyebolt and lever as close together as possible, grasp the strut as shown in
Fig.129. Insert the strut in the pressure plate

Fig. 127

Fig. 129
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5. Place the clutch assembly in a press.
SI'awly compress the thrust springs while guiding the cI,utch cover so that the lu,gs and
springs of the pressure plate are allowed to
mate with the ,holes and seats in the cover.
Tum the adjusting nuts on to the eyebolts until their tops are flush with the 'tops of the ,
eyeborts and remove the assembly from the
press. Fincil adjustment of the clutch lever
must be made with the clutch installed on the
flywheel.
ADJUSTMENT

Fig. 130

"

lug slots, drop it 51 ightly and tilt the lower
edge back. Insert the unthreaded end of the
eyebolt into the hole in the pressure plate
with the short 'end of the lever under th'e hook
of the pressure plate lug, see Fig. 127. Slide
the strut upward in the slots of the lug, lifting it over the ridge on the short end of the
lever and drop it into the groove in the lever.
2. Replace the' pressure springs on the
bosses of the pressure plate.
3. Assemble the anti-rattle springs in the
cover as shown in Fig .,128.
4. Place the coveron top of the assembled
parts, lining up the punch marks made before
disassembly.

The release levers are set so that the bearing contact' surf.ace of the levers are 1 15/16
in. from the face of the flywheel. Adjust the
height of each lever until it just contacts the
gauge by turning the adjusting nut as shown
in Fig .,130. The adjusting nuts are then locked
by a chisel mark across the slots.

LONG CLUTCH
The Long Clutch used on TO-30 tractors is
very similar in appearance to the one used on
the TO-20 tractor, however, the only repair
parts that are available to service both the
Long Clutches are the clutch disc refacing ,kit
and the disc assembly . If any other parts are
badly worn, broken ,or defective, the complete pressure plate and cover assembly should
b!! re,place,d with a Rockford pressure plate
bnd 'cover d'S$em~ly.
'
"

8:eforll ,disass.embling the clutch, ' mark the

Fig. 131

Fig. 132

,
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pressure plate and cover plate with a center
punch so that they can be reassembled in the
same relative position to preserve the balance, see Fig . 131.

cap screws reta i n ing the cover plate to the
clutch levers. Adjustment of the levers must
be made with the clutch installed on the flywheel.

DISASSEMBLY

ADJUSTMENT

Compress the cover uniform Iy in a press or
with C-clamps and remove the three cap
screws attaching the clutch cover to the release levers, see Fig .132: Slowly release the
c lamps and Iift off the cover .
The pins attaching the release levers to
the pressure plate are staked in place and
since repair parts are not available to service '
this clutch, it is pointless to disassemble the
unit further . If the pressure plate, release
fingers or clutch cover are damaged or worn
to the point where it is unfit for service, the
entire unit should be replaced with the standard Rockford unit.
ASSEMBLY
1. Place the fiber washers and pressure
springs on the bosses of the pressure plate and
place the cover in position, lining up the
marks made before disassembly .
2. Slowly compress the thrust springsmaking certain that the springs are sea.ted in the
clutch cover . Replace and tighten the three

The release levers are set so that the bearing .c ontact surface of the adjusting screws is
1 13/16 in. from the face of the flywheel.
The adjustment is made by turning the adjusting screw until the screw just contacts the
gauge · as shown in Fig .133. The adjusting
screws are the split, self-locking type and no
locking device is necessary.

.

Note: The release levers on the TO-30
Long ClutCh are not adjustable.

CLUTCH FACING
The clutch facing shou ld be replaced before wear on the facing brings the metal rivets
in contact with either the engine flywheel or
the clutch pressure plate. If exce.ssive slipping has caused the disc to overheat and deform or be otherwise damaged, it should be
replaced with a new disc assembly . If there
is no sign of damage to the disc and the facings are worn enough to require replacing,
new clutch facings shou ld be installed on the
original disc .
To install new fa ci ngs on the clutch disc,
proceed as follows:
1. Carefully remove the old facings by
drUl ing the rivets and driving them out with
a small drift punch.
2. Clean the metal surfaces and ·c heck
for distortion and signs of overheating.
3. Place the two grooved, annular clutch
faCings on the discs and rivet securely in position, using the tubular rivets provided and
a suitable riveting tool to form a uniform
head on the tubular e~d of the rivet.

Fig. 133

NOTE: The grqoved, annular clutch facings available in. the clutch facing kit should
be installed in all TO-30 and TO-20 disc assemblies, regardless of the fact that some of
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the discs were originally equipped with segmented type facings . A clutch facing kit is
available for the Borg & Beck clutch used in
the TE-20 tractor. The facings in this kit are
not interchangeable with those of any other
kit.

pressure and performance was obtained by installing alternately in the clutch, a lavender
and a brown spring. It is recommended that
th is procedure be followed in servicing the
TO-30 ·clutch.

SPRINGS

Whenever the TO-30 Rockford clutch cove r plate assembly is dismounted for inspection, the springs should be tested in a suitable
spring tester. If the springs meet the specificat ions listed in Fig. 138 on page 63,they
are suitable for service. Regardless of the arrangement and type springs used ordinarily in
the clutch, it should be reassembled using
three lavender springs, Part No. TO-7572-B,
and three brown springs, Part No. TO-7572,
arranged a lternately.

Whenever the clutch assembly is removed
from the tractor, the plate and cover assembly
should be disassembled and the clutch thrust
springs tested in a suitable spring tester, as
shown in Fig. 134. If one or more of the
springs do not meet the specifications listed
in the clutch chart, see Fig. 138, a complete
new set of matched springs should be installed.
New pressure springs are not available to
service either of the Long clutches and no
other springs should be substituted in this
clutch. If the springs are damaged or worn,
the Long clutch cover and plate assembly
should be replaced with a Rockford clutch
cover and plate ·assembly.

The TO-20 clutch may be serviced either
with six brown springs, as used in the original
clutch, or with three lavender and three
brown springs, as outlined above for the TO30 clutch .

GENERAL INSPECTION &
In the early TO-30 production, six lavender colored springs were installed in each
clutch. However, it was found after extensive
that a more desirable clutch

Fig. 134

SERVICE
Check the clutch release levers and re- '
lease lever springs and replace all parts that
are damaged before reassembling the clutch.
Remove the four nuts holding the flywheel
to the crankshaft, remove the flywheel. Examine the flywheel for indications of oil
leaking by the rear of the crankshaft oil seal.
If there is any reason to believe that the seal
is leaking oil, it should be renewed before
suffi cient oil has leaked to damage the dutch
facing . To renew the oil seal, remove the
e ngine oil pan and detach the s.e at assembly,
install the new seal and replace. the oil pan.
Check the hubbard plug at the rear of the
camshaft aod make sure it is tight as an oil
leak may develop at this paint. If there is
any indication of a leak or if thel plug is
loose , rem'ove it and install a new plug.
C lean and inspect the clutch pilot bearing.
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If the bearing needs to be replaced, press out
the old bearing and press in a new bearing as
shown in Fig.135. When pressing in the new
bearing, -make certa in that the open side of
the bearing is toward the engine side of the
flywheel. Pack the bearing with a good grade
of high melting point bearing lubricant, being
careful to use only enough to properly lubricate the pilot bearing. Excessive amounts of
lubricant may work back along the main drive
shaft and damage the clutch disc. An oil
impregnated bronze bushing has been used in
place of the ball bearing in the late TO-30
production. This bushing is to be used for
service whenever it is available. The bushing and the ball bearing are interchangeable
and whichever is available may be used.
Bolt the flywheel to the engine crankshaft
and torque the nuts to 30-33 pound-feet.
C lean the grease and other foreign material from the face of the flywheel and clutch
pressure plate. Clean and lubricate the
spline in the friction disc and the main drive
shaft with a dry lubricant, such as DGF 123.
Before assembl ing the clutch to the flywheel, the face run-out of the flywheel
should be checked. Mount a dial indicator
on the engine mounting flange and position
~

Fig. 136
the indicator in the center of the clutch contact area, as shown in Fig .136. If the total
indicator reading exceeds .003 in . , the flywheel should either be refaced or replaced
with a new one.
Use a clutch pilot tool, SOT -100, to line
up the clutch disc before bolting the assembly
to the flywheel, see Fig.137. The clutch
disc must be installed so that the side having
the shorter hub is toward the eng ine. Secure
the clutch cover to the flywheel by tightening each cap screw a turn or two at a time in

.

I

Fig. 137

Fig. 135
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Tractor
Mdel

Clutch

Pressure Springs
Faelng K-it
J!,elease Lever Height
Color Working Height & Load '
from flywheel
DiscPart No. '

No.

.,-

(~:! - !. 1." \ -3 ;to). I)'. .
'1'0-20 & 3
Rockford
TO-30
3
TO-20
6
(:r

New Long

-- -Long
Borg & Beck

;),..

,

brown 1 13/16" @ 140-150 Ibs.
lav.
1 13/16" @ 1.80-190 Ibs.
brown 1 13/16" i@ 140- 150 Ibs.

1 13/16"

--

Standard TO~754_8
Cushion, TO-7544 IS...

I

TO-30

6

...

1 9/16" @ 170'-180 Ibs.

orange

'

--

-,

TO-20
. _:6.
TE-20

,

~.~

~c

'

-- -

brown 1 9/16" @ 1 41i-J 53 Ib~.

,

Not adjustable

Not available use
TO-7550-5

1 13/16"

Not available '

..

"

f.:>range

1 11/16" @ 90-100 lb • •

1 15/16"

59621

,

Fig. 138
Remove both brake rod and yoke assemblies rotatian until all are torqued to 10-12 poundfrom
the arms, remove one brake arm (keyed ,
feet. Remove the pilot tool and ' adjust the
to shaft) and withdraw shaft.
clutch release levers as described previously.

LINKAGE
Slide the release bearing from' the release bearing hub and Inspect the bearing. Remove the release bearing spring's from the"
hub, see Fig.139. Remove and inspect the
hub.

Inspect both clutch shaft and brake shaft
bushings. Renew if damaged or bodly worn,
see page124 under "Transmission Housing" for
the proper procedure for servicing these bushings.
To make the final assembly of the tractor, follow through the steps listed in the
"T ractor Spl it" in reverse order.
After the tractor is completely reassam:- '
bled, the clutch pedal must be adjusted.
loosen the pedal clamp bolt and with a spark
plug wrench handle in the hole in the end of :
the clutch shaft, as shown in Fig 140, turn until a free movement of3/16 in. is obtained, '
measure movement as shown and tighten the ,
clamp bolt.

Fig. 139
The clutch throwout bearing and hub d)".
the TO tractor is interchangeable with t~'e
bearing and hub on the TE tractor.
Remove ' the two bolts that hold the clutch release fork to the shaft and withdraw shaft.
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SPECIFICATIONS
TO~30 (Z~129)

VALVES
Intake Valves
Head Dia.
Face Angle.
Margin . .
Stem Dia. .
Overall L.ength
Head Marking
Stem Marking
Intake Valve Seats
Seat Angle.
Type • . • •
Exhaust Valves
Head Dla. .
Face Angle.
Margin . .
Stem Dia . .
Overall Length
Head Marking
Stem Marking
Exhaust Va Ive Seats
Seat Angle . . .
Type. . . . . .
Cutter Dla . . . .
Replacement Insert 0 ia.
Allowable Valve Wear
Min. Stem Dia.
Max. Face Runout. • •
Min. Margin Thickness.
VAI..VE GUIDES
'Max. Allowable Internal Dia.
VALVE -SPRINGS
Free Length . • • • •
47~~3 Lb. Load Length.
96~ 104 Lb. Load Length
ROCKER ARM SHAFT
o ia. of Shaft . . . .
Min. Allowable Dia.
ROCKER ARM BUSHING
D-IG. of Bushing . . •
Max. Allowable Dia .

TO~20

& TE ~ 20 (Z-120)

1.273-1.283 In.
1.010-1.020 in.
45 deg.
30 deg.
- - - - - - 3/64 in. - - - - - - - -----.3141-.3149 in. - - - - - - 4 in.
331/32 in.
- - - - - - - "IN" - - - - - - - Z-205
Z-222
45 deg.
30 deg.
-----Ground in head - - - - - - - - - - - 1 . 135-1. 145 in. - - - - - - 44 deg.
45 deg.
- - - - - 3 / 6 4 in. - - - - - - -----.3124-.3132 i n . - ' - - - - - - - - - - - 41/16 in. - - - - - - -

- - - - - - "EX" - - - - - - - - Z-208

Z-203

- - - - - - 45 deg ..- - - - - - - - - - - - - Insert - - - - - - - - 1.I36in.
1.261 in.
1.1385-1.1395 in.
1.2635-1.3645 in.
----.001 in. less than new - - - - -----,.002 total indicator reading----'-------1/32 in.-------------.3177 in.-------------21/16 in.--------- - - - - 1 45/64 i n . - - - - - - - - - - - 1 27/64 i n . - - - - - - - --~---.622- .623 i n . - - - - - - - - - - - -.. 621 i n . - - - - - - - -

..
•

------.624- .625 i n . - - - - - - ------.626in.--------
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TO-30 (Z-129)

CYLINDER SLEEVES
Max. Out-Of-Round
Taper . . . • • . •
Original Dia . • . . •
Max. Allowable Dia.
PISTONS
Piston Taper

.001 in.
-----.0002- .0015 in . - - - - - - 3.250-3.252 in.
3.1875-3.1895 in.
3.262 in.
3.199 in.
Bottom dia .• 0012 in.
- - - - greater than top dia. - - - - - -

Piston Rings
Side Clearance of Ring in Groove
End Clearance
Piston Pin Dia •.
CRANKSHAFT
Main Bearing Journal Dia.
Connecting Rod Journal Dia.
End Play. . . . • . .
Bearing Oil Clearance • . .
CAMSHAFT
End Ploy . . • • • .
Timing Gear Backlash.
Camshaft Journal
Front Journal Original Dia.
Front Journal Min. Dia • .
Center Journal Original Dia.
Center Journal Min. Dia •.
Rear Journal Original Dia.
Rear Journal Min. Dia .•
Camshaft Bearing
Front Bearing .
Center Bearing.
Rear Bearing. .
CLUTCH SPECIFICATIONS (See Fig. 138)
TORQUE SPECIFICATIONS
Cylinder Head Nuts . . .
Connecting Rod Studs • . •
Main Bearing Cap Screws.
Camshaft Nut
Flywheel Nut . . . • • •
Cranking Nut • . • . . .
Oil Filter Base Cop Screws
Spark Plugs . . • • • •
Clutch Cover Cop Screw. .

TO-20& TE-20 (Z-120)

- - - - - - . 0 0 6 max. - - - - - - - - - - - - - . 0 0 7 min. - - - - - - - .8591-.8593 in. also avail- - - able in .003 in. oversize - - - - - - - - 2.250-2.249 in. - - - - - - - - - - 1 . 9375-1. 9365 in. - - - - - - - - - - . 0 0 3 - .007 in. - - - - - - -----.0015-.0025 in. - - - - - - - - - - - .003- .007 i n . - - - - - - ------.002in.------------1.8090-1.8095 i n . - - - - - - - - - - 1 . 8 0 7 0 in. - - - - - - - ----1.7460-1.7465 in. - - - - - ------1.7440 in. - - - - - - - - - - - 1 .6835-1 .6840 in . - - - - - - - - - - 1.6815 in. - - - - - - - ----1.8115-1.8125 in. - - - - - ----1.7490-1.7500 in. - - - - - ----1.6865-1.6875 in. - - - - - -

- - - - - 70-75 lb. ft . - - - - - - - - - - - - 4 0 - 4 5 lb. f t . - - - - - - - - - - - 85-95 lb. f t . - - - - - - - - - - - - 6 0 - 8 0 lb. f t . - - - - - - - - - - - 5 0 - 5 5 lb. f t . - - - - - - ----130-140 lb. f t . - - - - - - - - - - - 3 0 - 3 5 lb. f t . - - - - - - - - - - - 3 2 lb. f t . - - - - - - - - - - - - 1 0 - 1 2 lb. ft. - - - - - - -
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ENGINE SYSTEMS
Several processes and systems are involved
to properly integrate the previously discussed
engine components into a functioning unit .
The principles of the internal combustion engine .necessitate the combination of a lubrication system to reduce friction and prevent
wear between the moving parts; a cool ing
system to dissipate heat created from combus-

tion; a fuel and air system to obtain proper
combustion and an electrical system to provide a source of energy for starting and ignition. This section is concerned with the
functioning and servicing of these systems.

LUBRICATION
uses a full

Fig . 141
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iSt~n with;. the oil passage in the crankshaft
once each revolution and delivers a squirt of
oil, directed upward, to Iubricate the wrist
pins and cylinder walls. The wrist pins are 111bricatecfby oil holes through 'the top of the
wrist pin bass which collects the oil f..om the
squirt ·hole and the piston ring groove holes',
'and direct" it to the w.rist pin. Oil is also .
directed from the front main bearing through
a drilled passage to the front camshaft bearing where it is metered through a hole in the
camshClft retaining plate to the governor and
timing gears.

, 'OJI i.ssu·~1'ied to the center main bearing
. throjlgh a dl,illed passage from the oil gallery.
F~m the center main bearing, the oil is di-.
Fi!li:tl[!d, through a drilled passage to the center camshoft bearing. Oil is delivered to No.
2 and 3 connecting rod bearings through a
drilled passage in the crankshaft from the
center main beating.

pressure lubrication system in which oil from
the engine crankcase is pumped under pressure to all the bearing surfaces in the engine.
The essential parts of this system are the
crankcase and oil supply, oil pump, screened
oil intake, drilled oil passages,oil filter, relief valve, pressure gauge and oil level indicator.
In the operation of the TO-3O engine, see
Fig. 141 and 142, the oil is drawn into the oil
pump through the floating strainer' assembly
and discharged from the pump under pressure
through a drilled pa~sage in the cylinder
block to the oil gallery which runs the length
of the block. From the front of the oil galley, the oil is directed through a drilled
passage to the front (TIain bearing. The 011
from the front main bearing follows the drill'ed
passage in the crankshaft to No. 1 connecting rod bearing. The connecting rod has a
1/16 in. squirt hole, the bearing shells are
also drilled to match this hole which reg-

Oil is delivered through a drilled passage
·from the oil gallery to the rear main bearing
a nd is further directed to the No. 4 connecting rod bearing through another drilled pasSage in the crankshaft. From the rear main
bearing, the oil is supplied through a drilted
passage to the rear camshoft bearing where it
. is metered through a passage to the rear rock-:er arm shaft suppart.
The 0 iI is carried
through the rocker arm shaft and pravides lubrication for the individual rocker arm bushings and for the valves. The oil is returned
to the crankcase through the push rod holes
and lubricates the cams and tappets as it
passes downward.
The oil ' filter is supplied through a drilled
metering passage from the main oJ! gallery.
The filtered oil returns through a drilled passage to the crankcase.
".

The TO-20 and TE-.20 engine lubrication
systems are the same as the TO-30 system,
with the fallowing exceptions, see Fig. 143.
1. The capac ity of the crankcase Is six
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u. S. quarts

as compared to the five U. S.
quart capacity of the TO-30 engine.
2. Tlie oil filter is located in the crankcase and is supplied with oil from the center
main bearing through a standpipe with two
metering holes .
3. 0 iI is drawn into the pump through
the inlet pipe from inside the screen near the
battam of the crankcase.
4. The center camshaft bearing is "lubricated by the oil returning from the "head
through the push rod holes.

3 . Remove the cap sc rews reta i ni ng the
pump body to the block and remove the pump,
noting the number of shims. present.

,,----,

·OIL PUMP
The oil pump is a positive displacement,
single-stage gear-type pump driven by the
crankshaft timing gear and bolted to the bottom of No.1 main bearing cap.
REMOVAL
To remove the oil pump from the TO-30,
see Fig.144, proceed as follows:
1. Drain the oil and remove the oil pan.
2. Remove the float assembly and inlet
tube.

Fig. 144
The oil pump is rempved from the TO-20
and TE-20, see Fig.145, by following the procedure outl ined below.
1. Drain the oil.
2. Remove the hand hole cover and oil
filter.
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Fig. 147 .
press the shaft from the gear and housing.
The bu.sh ings may be removed from the pump
housing as .shown in Fig .147.
Fig. 145
3. Remove the oil pan, oil strainer and
cover.

4. Disconnect the oil inlet tube.
5. Remove the cap screws retaining the
pump body to the block and remove the pump,
noting the number of shims present.
D ISASSEMBLY
To disassemble .the oil pump, remove the
screws retaining the cover plate and remove
the plate. The oil pump idler gear can then
be lifted from the shaft. Remove the set screw
Set
the ~iI

New pre-sized bushings are available for
service and can be pressed into the pump
housing, using a bushing driver as shown in
Fig.I46.
INSPECTION
Inspect the pump gears and pump body and
replace any defective or badly worn parts.
Reassemble the pump gears in the pUmp body
and check the following:
C heck the back lash in the pump gears
with a dial indicator as shown in Fig.148.

Fig. 148

Fig. 146
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shaft and support the gea r shaft from underneath. Press the drive gear onto the shaft,
just for enough so that there is no end-play
and the gears will turn freely. Replace the
set screw holding the drive gear on the shaft.
Use a new lead gasket between the pump
housing and the cover plate to maintain the
proper side clearance for the pump gearS.
Bolt the pump c;md front main bearing cap
in position, using 't he shims removed between
the pump housing and .the bearing cap, and
torque the cap screws to 85-95 pound-feet.
Lock the cap screws with a wire.

Fig. 149
Check the clearance between the pump
bady and the outs ide d iametel" of the pump
gears, see Fig. 149. This clearance should
be .003-.004 in. If the clearance exceeds
.005 in. with a new drive gear and shaft in
place, a new bushing must be pressed into the
housing body. Excessive clearance between
the pump bady and gears may be a factor
causing low engine oil pressure.

RELIEF VALVE

With a dial indicator, check the backlash
between fhe pu~p drive gear and the crankshaft timing gear as shown in Fig.150. This
backlash should be .005- .010 in.
If the
backlash exceeds .01C! in., remove enough
shim,s from between the pump housing and the
bearing cap to properly adjust the backlash.
If the drive gear has less than .005 in. bocklash, it will be necessary to add shims.
Reassemble the oil intake: When replacing the oil strainer and cover assembly on the
TO-20 and TE .:.20 engines, make sure the oil
filter cover spring ' is in place as shown in
Fig .145. Also make sure the two felt washers,

To remove the relief valve, first remove
the cotter pin, the retainer and the spring.
The relief valve spring should have a free
length of 2 in. and when tested in a spring
tester, should check 8 1/4 pounds at a working length of 1 3/8 in. If the spring is sl ightIy below this or if the engine oil pressure is
low and it is suspected that the relief valve
is relieving at a lower pressu're, spacers may
be placed under the spring to increase the
pressure at which the relief valve will open.
New valve springs are available and should
be installed when the old spring is defective
or too for below the spring-test specifications .
REASSEMBLY
When reassembling the pump, align the
tapped hole In the gear with the one in the
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one on the oil filter tube between the spring
and cover, and one on the i nl et tube between
the cover and the inlet tube 'support are',assembled. Before replaCing the oil pan,' clean
the gasket surfaces and remove any dirt ' or
sludge from the pan. Add the correct amount
of engine oil , after the pan is assembled.
Start the engine and immediately check the
oil pressure gauge. If everything' is w'orking
properly, the oil pressure gauge will register
within a very few seconds. If there is no Indication of oil pressure, stop the engine and
determine the cause. Do not operate the engine unless some pressure is registE!rlng on the
a iI pressure gauge.
If oil pressure is registering on the gauge,
run the engine at a fast idle until It Is thoroughly warm and again check the oil pres~ure
gauge, the readings should be as follows: 2030 PSI at 2200 RPM and IS PSI minimum at
idle speed.
After checking the oil , pump and rei ief
valve, and properly reconditioning them, low
oil pressure. may indicate worn bearings or
some other similar difficulty.

OIL FILTER
The oil filter housing on the TO-~O tractor engine is bolted to a boss on the r~r rig,ht
side of the engine block.
, "
,

The all is delivered to the filter ,through a
drilled metl'ring passage from the main aU
gallery and is returned to the crankc;:ase
through a cast passage. The oil "enlers ' t~e
filter housing around the outside of thi' ffJter
element and passes through. The, clean on is
dra ined from the center of the filter' el4\lment
and returned to the crankcase.

Fig. 151
second a II change. Use the new gaskets
packaged w'ith the element. The filter body
or housing can 'be removed from the bose by
removing the four cap screws Inside 'the filter
body.
The oil filter on the TO-20 and the TE-20
is 10cateCl"i1l the engine oil pan. The oil
filter element surrounds the standpipe from
the center' main bearing cap and fits inside
screen. The pump inlet tube draws
the
oil from ' between the oil filter and the all
screen. Oil is supplied to the filter fram the
center main bearing and enters the filter element through two, metering holes in the stand'pipe • The 'movement of the oil through the
filtet is from the center to the outside.

oil'

To remove the oil, filter, drain the crankcase, remove the cap screw retaining the
cover and remove the cover and filter element, see Fig. 152. The screen assembly and
screen cover can be removed through the bottom of the crankcase for cleaning, when the

·,h

To remove the filter element, ren:~ve thF
cap screw and cover and with~raw the eli!menf; see Fig~ 151. Clean the filterlidu~irig
and install a new Ferguson replacement e'te:'
ment; Part No. TO-18662-A, whenever i~e
oil on the dipstick indicates dirt or at every

Fig. 152
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filter is removed. Install a Ferguson replacement element, Part No. TO-I8662-2. When
replacing the filter cover, be sure the spring
is replaced between the stop on the oil stand' pipe and the oil strainer cover. Use a new
gasket when replacing the hand hole cover
assembly.
CAUTION: Do not interchange the two
filter elements. The filter element for the
TO-30 engine, Part No . TO-I8662-A, is
designed for oil flow from the outside to the
center. The filter element for the TO-20 and
TE-20 engines, Part No. TO-I8662-2, is designed for oil flow from the center to the
outside. If the elements are interchanged in
the engines, the relative flow of oil will be
reversed and plugging will result.

OIL PRESSURE GUAGE
The oil pressure gauge is located on the
instrument panel. The gauge Is connected to
the main oil galley by an oil pressure tube
and fitting threaded into rear right side of
the eng ine block.

tube should be checked , and if necessary
removed and cleaned. When the vent tube Is
replaced, tighten the four mounting nuts to
40-55 pound- inches .
On the TE-20 and early TO-20 tractors, it
is possible for a build-up of sludge in the
valve chamber to solidly plug the space between the vent baffle and the vent tube. On
these tractors the vent tube is welded to the
valve cover, see Fig. 153, and it will be necessary to remove the fuel tank and then remove the valve cover for cleaning .
Beginning with engine number Z-120-E158787, the valve cover has recessed bait
holes and a detachable vent tube. This vent
tube can be removed for cleaning without removing the fuel tank.
The newer valve cover, see Fig. 153 may
be used to replace the older type, provided
the two shorter rocker arm studs are also used.
To guard against oil leaks, . always use
new gaskets when insta II ing the valve cover.

Never operate the engine without an oil
pressure gauge or with a gauge that is not
operating properly. Replace any gauge that
is defective . Failure to note oil pressure may
result in serious damage to the engine.

CRANKCASE VENTILATION
The engine crankcase is vented through the
vent tube in the valve cover. The vent tube
allows the engine to "breath" during operation and prevents a build-up of pressure in the
crankcase. Improper crankcase ventilation,
prevents the condensation from vaparizing
and escoping to the atmasphere. This condition will result in oil dilution which creates
sludge and in time will cause extensive damage to engine parts. A plugged vent tube
can also be the cause of excessive oil consumption.
Whenever the tractor is serviced, the vent
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COOLING
The cooling system consists of a pressure
type radiator and cap, fan, water pump,
thermostat, hoses, the circulating passages
and ten quarts of coolant.
In operation, see Fig.154, coolant in the
system is drawn into the pump through the
lower radi.ator hose and is circulated around
the wet sleeves, through the passage-ways,
into the head. The coolant then circulates
through the engine head and passesoutthrough
the outlet elbow, through the hose and thermostat and into the top of the radiator where
it moves downwa rd and is coo Ied • When the
engine is cold and the thermostat is closed,
the coolant cannot move through the upper
hose and into the radiator. Beginning with
engine Serial Number 124345, a pasSage has

been drilled from the head through the block
and into the water pump housing. Before the
thermostat opens, the warm water from the
head returns through th is passage to the pump
and is pumped into the block. This recirculation gives a uniform warm-up without hot
or cold spots. When the block is uniformly
warm, the thermostat opens and allows sufficient flow through the radiator to give the
necessary cool ing.
On tractors with engine Serial Numbers
below 124345, the recirculating passage is
not present. Do not attempt to drill the passage in the engine block, the casting is not
thick enough for drill ing. If the operation of
the engine is not satisfactory, a recirculation
system can be incorporated by install ing a
1/2 in. hose between the water outlet elbow
plug and the bottom radiator hose. A special
adapter will be needed to replace the 5/8 in.

Fig. 154
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·plug for the hose connection to the outlet
elbow. On the bottom radiator hose, a heater
hose adapter will be needed to join the two
hoses. A shut off should be installed in the
1/2 in . hose for proper metering. During the
warm months, it may be necessary to stop this
recirculation completely.

RADIATOR
The radiator is a copper tube and fin type
in which the coolant enters at the top, passes
down through the tubes and is returned to the
water pump from the bottom hose outlet. The
radiator cap is a spring-loaded, pressure type
cap which causes the cooling system of the
TO-30 to operate at a pressure of seven pounds
per square inch. At this pressure, water must
be heated to 232 degrees F. before it will
boil . This permits the engine to operate at a
higher, more efficient temperature. By raising the boil ing temperature of alcohol or
other coolant, the pressure system reduces
evaporation losses of .v aluable anti-freeze.
The TO-20 and TE-20 tractors have a pressure
cap which maintains four pounds per square ·
inch of pressure resulting in a water boiling
temperature of 224 degrees F.

or partially plugged with loosened rust, sedIment or other foreign material, the system
should be thoroughly flushed . If reverse pressure flushing equipment is available, proceed
as directed by the manufacturer of the equipmer.lt. If flushing equipment is not available,
take the radiator to a competent radiator repair shop for cleaning.
Note: It is recommended that a good
grade of rust- inhibitor be used in the cooling
system at all times. To prevent the formation
of rust particles so clogging will not result.

WATER PUMP & FAN
The water pump is an impeller type and Is
driven by the fan belt. The four blade fan is
mounted on the pump pulley and the pump and
fan are supported by a double row, sealed,
pre-lubricated bearing that needs no periodic
lubrication . Two types of impellers have
been used, a stamped brass type and a cast
iron type, see Fig.155. Both Impellers contain the seal which is a spring-loaded rubber
ring, sealing against the shaft and against a
graphite washer. The graphite washer turns

REMOVAL
To remove the radiator from the tractor,
proceed as follows:
1. Drain the cooling system and remove
the hood and grill assembly.
2 . 0 isconnect the upper and lower radiator hose connections and remove the radiator
tie rod.
3. Loosen .the two cap screws retaining
the radiator to the front axle support and remove the radiator.
Note: The radiator is assembled to the
tractor in the reverse order of the above steps.
The radiator hoses should be Inspected and replaced if they show signs of deteriorating.
FLUSHING
If the cooling system has become plugged

Fig. 155
against a polished face on the pump housing
and prevents water from passing out around
the shaft. If a leak should develop at the
seal, the small brass slinger ring, see Fig.l56,
prevents the water from moving along the
shaft and causing damage to the bearings.
Instead the water is thrown against the pump
housing and drains out through thedrain hole.
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DISASSEMBLY
To disassemble pump shaft assembly:

Fig . 156
Water leaking from the drain hole will be the
first indication of a worn or defective water
pump seal.
REMOVAL
1. Drain the cooling system and remove
the lower radiator hose.
2. Remove the fan blade, loosen generator securing bolts, move the generator toward the block and sl ip the fan belt off the
pump pulley.
3. Remove the three nuts retaining the
pump shaft support to the pump body and remove the support assembly and pump body.

1. Remove the snap ring from the front of
the hous i ng •
2. After removing the bolt, the stamped
type impeller may usually be pried off the
shaft with a screwdriver. The cast iron impeller is removed by pressing the shaft out of
the impeller as shown in Fig. 157.
3. Remove the pump seal assembly.
4. The shaft and bearing assembly can
now be pressed out of the shaft support toward the front. If the bearing is pressed out
'the rear, the inner collar in the shaft support
will be broken.
The pump seal is a bushing cast in place
in the shaft support housing and cannot be
renewed.
If the seat is worn uneven or
scored, it should be refaced, see Fig .158.
If it cannot be refaced satisfactorily, the
shaft support housing should be replaced. The
pump seal and the pump impeller are individually available as service parts and should
be replaced if worn or damaged. The shaft
and pre-lubricated bearings are serviced only
as an assembly.

Fig. 158

Fig. 157
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REASSEMBLY
To reassemble the water PUTlp, press the
shaft and bearing assembly into position
through the frant of the shaft support hausing. Replace the snap ring and install the
seal and impeller. Always use new gaskets
when installing the pump on a tractor.

THERMOSTAT
The thermostat is located in the top radiator hose with the exponsion bellows toward
the engine. Its purpose is to keep the engine
outlet closed and cause the coolant to recirculate through the engine until warm. A sufficient rise in temperature of the circulating
coolant will cause the bellows of the thermostat to elongate and open the possage to the
radiator. Similarly, a decrease in temperature will cause a shortening of the bellows
thus closing the passage to the radiator.

185-195 degrees F. These opening and closing temperatures have been found to give the
best engine operating temperatures.
Caution: Never operate the tractor without a thermostat or with one that does not
conform to the above spec ifications.

FAN BELT
After final assembly of the cooling system
components, the tension on the fan belt should
be checked and adjusted. The correct tension
is obtained when 1/2 in. free play exists between the fan pulley and generator pulley as
shown in Fig.159.

To check the thermostat, place it in a
container of water with a thermometer and
heat slowly. Watch the thermostat and check
the temperature at wh ich the thermostat begins to open and the temperature at which
the thermosta't is fully open. The thermostat
used in Ferguson tractors should begin to open
at 155-165 degrees F. and be fully open at

Fig. 159

TROUBLE SHOOTING
TROUBLE
POSSIBLE CAUSE
EngineOverheats 1. Low Water Level
2. C logged Radiator Fins
3 . Loose Fan Belt
4. Collapsed or Damaged
Radiator Hose
5. Defective Thermostat
6. Clogged Radiator Core
and Cool ing System
7. Defective Water Pump
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FUEL & AIR
The fuel and air system af the Fergusan
tractor engine is composed of the following
parts, illustrated 'in Fig.160, fO,e \.tank, fuel ,
filter ossembl y and fuel line, ai,r deaner and
air tube
and carburetor and intake .,n\dnifold .
.
~,l

In operation the fuel flows from the fuel
tank through the shut off valve, fuel filter
assembly and into the fuel line into the carburetor where it mixes with the clean air from
the air cleaner. The fuel-air mixture is then
drawn into the combustion chomber through
the intoke manifold.

FUEL TANK
The fuel tank hos a capacity of tenU.S.
gallons, including a one gallon' reserve', and

is"mounted above the engine but nat attached
to the hood. The front of the tank is bolted
to a bracket on the water' outlet elbow and
the rear of the tank is bol ted 10 ,a , bracket on
the battery platform.
The fuel tank requires little service.
Drain and flush the tank periodically and use
clean fuel and reasonable care when fueling
the tractor. C lean fuel is of prime importance
in the proper ope rat ion of the fue I system.
The fuel .tank' is equipped with a vented cap
which allows air to enter the tank as the fuel
is used or' allows air and vapors to escape as
the fuel becomes warm while the engine is
operating.
Two types of fuel tank caps have been used
in TO production tractors. The regular cap
was used on all TO-20 tractors and many of

-CJ

Fig. 160
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the early TO 30 tractors. The anti-splash
cap is now being used on all production tractors and for service ports. If any TO-20 or
TO-30 tractor, equipped with a regular cap,
shows that there has been an excess of fuel
splashIng from the tank, the anti-splash cap
should be installed. This cap will not fit the
TE-20 tractor fuel tank.
Caution: The engine oil filler cap will
fit the fuel tank but for safety's sake, never
use or allow an owner to use this cap on the
fuel tank. The oil filler cap is not vented
and will cause a build-up of pressure as the
fuel in the tank becomes warm. This pressure
may become great enough to break the glass
sediment bowl, and result in a fire and possibly an exploded fuel tank. Always check
this and make sure that the correct cap is in
place on the fuel tank.
To remove the fuel tank, Iift the hood,
shut off the fuel, disconnect the fuel line,
remove the four bolts holding the tank in
place and lift off the tank. On the TO-20
and TO-30, the tool box is attached to the
front of the fuel tank and the tank may be
removed with the tool box attached. When
removing the fuel tank from the TE-20, it is
necessary to disconnect the hood support from
the front of the fuel tank.

Fig. 161
There were two types of sediment bowl assemblies used on TO tractors, as shown in
Figs. 161and162. Both assemblies operate the
same and both contain the same stacked disc
filter. The assembly now bein used on

FILTER ASSEMBLY
The fuel outlet from the tank consists of a
two stage shut off valve and a filter and sediment bowl, see Fig. 162. The shut off va Ive is
threaded into the fitting in the bottom of the
fuel tank and is closed when the knob is
turned to the extreme clockwise position.
When the contro I knob is turned counterclockwise, two full turns from the close"d position fuel is allowed to flow through the
1 1/2 in. standpipe. This is the main fuel
suppl.y. When the fuel supply is lowered below this point, a reserve supply of about one
gallon remains in the tank. Fully open the
valve to allow fuel to flow from the reserve
supply.
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Fig. 163
production tractors may be used to replace
those used in early TO-20 production. On
the TE-20, the fuel must pass through a fine
screen over the standpipe before entering the
sediment' bowl, see Fig .164. The fuel muSt
then pass through the small flat screen as it
leaves the sediment bowl, Fig.163.
The sediment bowl is easily 'removed by
unscrewing the knurled nut at the bottom of
th'e bowl. The stacked disc filter can be unscrewed for cleaning, see Fig.165, and the
complete assembly should be washed in a
varnish solvent. When replacing the stacked
disc fi Iter assembly, tighten only finger-tight.
To clean the wire screen over the standpipe
of the TE-20, it is ' necessary to drain the
tank and unscrew the valve assembly. - If the
fuel valve is bodly coated with varnish or if
the valve or _sediment bowl is -leaking; the
assembly should' 'be removed from the tank,
disassembled and immersed in a carburetor
cleaner or varnish solvent.
Remove the
c leaner as recommended by tli'e manufact.urer

Fig. 165
and blowout all openings and passages in the
assembly with compressed air. When reassembi ing the cleaned unit, always use a new
valve stem packing and a new filter body to
bowl gasket.

AIR CLEANER
The oil both air cleaner used on all the
Ferguson tractor engines is designed to remove all the foreign material from the air
before it reaches the carburetor.
The air cleaner is located at the righthand side of the engine and is mounted on
the bottery platform. The air cleaner consists of a pre-cleaning screen, body and
cleaning element and the oil container. On
the TO-20 and TE-20, the pre-cleaning

, Fig. 166

Fig • .164
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Fig. 167
screen is contained in the top cover of the
filter as shown in Fig. 166 . The pre-cleaning
screen on the TO-30 is mounted in on opening in the instrument panel and the air is conducted through a rubber hose to the top of
the air cleaner, see Fig .167 .
In operation, the air is drown in through
the pre-clean ing screen and moves down the
center tube, see Fig .168 . With the correct

level of oil in the oil container, the bottom
of the center tube is below the level of the
oil. The air moving down the center tube
must displace the oil from the inner deflector
ring of the oil cup in order to pass into the
cleaner element. The air, moving at a high
velocity, must make a sharp 180 degree turn
to pass upward out of the deflector ring. The
centrifugal force caused by the sudden change
in direction throwsa large port of the heavier
foreign particles down into the oil. The air
moves up through the pocking material where
the remaining foreign material is removed.
The oil that is carried up into the packing by
the air washes the dirt from the pocking and
carries it bock down into the oil cup. The
clean air ,posses out through the outlet tube
near the top of the air cleaner and is conducted to the carburetor through the air tube.
To service the oil cup, simply loosen the
clomp ring assembly and remove the cup, seeFig.169.
Doily the oil container should be removed,
cleaned and refilled to the indicated level
with the proper grade of oil when operating
under overage dust conditions. When operating under severe dust conditions, it may be
necessary to clean the oil container at more

Fig. 169

Fig. 168
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frequent intervals. For best results, the oil
cup should be cleaned and refilled whenever
the accumulation of foreign material reaches
a depth of 1/4 In. in the bottom of the cup.
The pre-cleaning screen should be removed and washed in gasoline whenev-e r the
oil cup is removed for cleaning. To remove
the pre-cleaning screen from the TE-20 or
TO-20 air cleaner, lift the hood and remove
the caver wing nut and lift off the screen assembly, see Fig .170. To remove the screen
from the TO-30, remove the retaining screw
and lift off, see Fig .171 .
The grade of oil used in the oil cup should
be the same or Iighter than that used in the
engine crankcase. If the oil is too heavy,
it will have a choking effect and if it is too
light, it will be drawn into the carburetor.
During cold weather, it is recommended
No. lOW oil, with 10 percent kerosene
added, be used from 0-15 degrees F. Use
H1N 011 with 25 percent kerasene added in
temperatures consistently below zero. To remove the air cleaner body from the tractor,
remove the two bolts holding It to the bottery
platform, and disconnect the air tube from
the
inlet

Fig. 171
hose -off the top of the cleaner as it is removed.
The air cleaner body should be removed
once or twice a year and thoroughly flushed
with ga501 ine. Check the packing to determine the amount of Iint or other material that
has become lodged there. Remove as much
of this material as possible, as it adds resistance-to the passage of air and may cause excessive fuel consumption. If the packing is
badly plugged, the body of the air cleaner .
should be replaced . Check the hose connections between the air deaner and the
carburetor . - A slight air leak at either hose
connection while the engine is operating under dusty conditions will allow enough dust
to enter with the air to severely damage the
engine in a very short time. Check the short
pieces of hose carefully and if there is any
doubt as to their condition, the hoses and
clamps should be discarded and new ones installed. Check the hose clamps often and
keep them tight at all times .

CARBURETOR

Fig. 170

The carburetor used on a II three tractor
engines, TO-30, TO-20 and TE-20 is a balanced up-draft type. These carburetors are
fully sealed against the entrance of dust and
are provided with porous -drain plugs which -
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allaw excess fuel ta escape.
The TE-20 carbllretor is model TSX-312,
the TO-20 is model TSX-361 and the TO-30
is model TSX-4S8.
The fuel is gravity fed from the fuel filter
and sediment bowl and the level of the fuel
in the ,carburetor bawl is controlled by the
float and float control valve. The carburetor
is a bolanced type because it is provided
with a passage which connects' the entronce
air passage with the float chamber and with
the throat af the carburetor ju.st below the
throttle plate., As a result, the pressure on
the fuel in the carburator bowl is the same as
in the air passages of the carburetor. This
system maintains a constant air-fuel mixture
under all operating conditions.
Most carburetor troubles are a direct resul t
af either or a combination of two things:
First, maladjustment. Second, dirt or varnish
In the passages of the carburetor. Carburetor
adjustments are easily made and shoul.d be
the first thing checked if the engine is not
operating properly. The proper adjustment of
the carburetorisoutlined in deta,il on page 89.
The major cause of carburetor trouble is
foreign material in the fuel system. It takes
only a small piece of lint, dirt or rust to partially plug the main jet and cause the engine
to misfire under load or to fail to develop its
rated horsepower.

and clean it, as outl ined on pages 88 and 89,
using new gaskets 'and new parts as neces~ary,
assemble and adjust the carburetor as' outIi ned on pages 89 and 90 •
3. Remove the shut off valve and fuel
line. Blowout the fuel line with compressed
air. Disassemble and clean the shut ,off valve
as outlined on pages 82 and 83.
4. Remove the fuel tank and flush it out
thoroughly with clean fuel .
5. Check the air cleaner and make sure
it has the right amount and correct weight of
clean oil. Also check to see if the screen is
clean and that the packing is n~t plugged.
6. Reassemble the above parts, fill the
tank with fresh, clean gasol ine and adjust the
carburetor as outl ined on page 89. Operate
the tractor until the engine reaches operating
temperature, then adjust the main jet under
load.
'
If the trouble reoccurs after thoroughly
Cleaning the fuel system as outlined above,
shut off the fuel and remove and disassemble
the carburetor. Check the main jet carefully
and determ ine if there is an}' dirt or lint
caught in the jet. If there is, this indicates
that the fuel or the tank is still contaminated. The addition of a ceramic filter at the
entrance to the carburetor, as shown in Fig.
172, will aid in keeping dirt out of the car-

The deposits in the sediment bowl indicate
the nature of the material that is plugging
the system. In some cases, however, the fue I
becomes contaminated with a very fine lint
which is difficult to see and which remains
suspended in the fuel and will not settle out
in the sediment bowl. Whenever carburetor
trouble is 'encountered, or even suspected,
the following steps should be taken.
1. Drain the fuel tank and , discard the
fuel.
2. Remove the carburetor, disassemble
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buretor and extend the time between necessary cleanings.

possage drilled from just below the throttle
plate, to the idle possage.

The functiona l parts of the carburetor are
illustrated in Fig. 173. They are as follows:
Choke plate, poppet valve, excess fuel drain,
bowl drain plug, metering jet, main jet,
main jet adjusting . needle, air lightening
passage, float, float control valve, idle jet,
idle air adjusting screw, venturi and throttle
plate.

With the engine running at idle speed, the
throttle plate will be in a closed position.
The high vacuum on the engine side of the
throttle plate causes fuel to be drawn up
through the idle fuel passage, through the
fixed metering jet where it is broken into a
finely divided state and mixed with the idle
air around the air adjusting needle . Additional air is added to the mixture from the
passage drilled below the throttle plate as
the fuel and air posses into the intake manifold through the passage above the throttle
plate. The amount of fuel entering the idle
system is controlled by the fixed metering jet
and cannot be adjusted. The adjustment is
made in the amount of air that passes by the
idle air adjusting needle. The proper method
of adjusting the idle air will be covered in
the section "Adjustments" on page 90.

The carburetor incorporates two fuel systems which are designed to provide the correct fuel and air mixture from idling to top
speed and from "no load" to "full load". The
two systems are the idle fuel system and the
rna in fuel system.

IDLE FUEL SYSTEM
Referring to Fig. 173, note the idle fuel
passage which is drilled from just above the
throttle plate down into the fuel bowl. The
fixed idle jet is installed in this passage.
A second passage is drilled down from the
space surrounding the venturi 'into the fuel
passage, just above the idle jet. The idle
air adjusting needle is seated in this passage
and controls the amount of air entering the
idle system. Note also that there is a second

THROTTLE ....."---tl--:=Il~

IDLE Alit
ADJUSTING MUDLI

\lENTUR'-~;;;l5~i):~~
CHOKE " " "

1--;;~~.

MAIN FUEL SYSTEM

i
---IINMJIT

'----.En:",,, '"
uass

FUEL " " . - _.../

' a - -- -- 'OO"' DRAIN. PUll

Fig. 173

After the idle air has been adjusted to
give the proper fuel-air proportions for low
engine RPM and the throttle plate begins to
open, the sudden rush or air past the edges of
the throttle plate cuts down the vacuum and
tends to upset the air-fuel ratio. This is offset by the fact that the passage which was
below the throttle plate and allowed air to
pass into the idling ,passage, is now above
the throttle plate, see Fig .173 . This lower
passage now, instead of supplying air to the
idle system, is subjected to the same vacuum
as the upper passage and helps draw up additionol fuel to maintain the air-fuel ratio until
the main fuel system begins to function.

The principle upon which the operation of
the main fuel system depends is the Venturi
principle, named for the man who discovered
it. The Venturi principle states, that in an
air passage of variable cross section, the
quantity of air which passes any section in a
given time is the same, but its velocity is inversely proportional to the areas of the sec-
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tions. The points of high velocity are points
of low pressure and the points of low velocity
are points of high pressure. The pressure is
greatest at the largest cross section and least
at the smallest cross section.
The venturi is simply a restriction mode in
the a ir passage to create a low pressure and
high velocity in the passage. The main jet is
located at the point of least cross section .
In operation, the air passes through the
carburetor in large volume and at rather high
velocity, see Fig .173. As the air posses
through the venturi, the velocity increases
with a resulting drop in pressure. The pressure on the fuel bowl is the same as that in
the air passage before and after the air posses
through the venturi, since it is connected to
these points by drilled air passages. The difference in pressure on the fuel in the fue I
bowl and at the main jet ,in the venturi causes
the fuel to flow from the main jet and mix
with the possing air. The amount of fuel that
flows into the fuel well is controlled by the
main jet adjusting needle. The maximum
amount of fue I that can enter the main jet is
controlled by the metering orfice.
Note in Fig.l73, the drilled possage from
the space surrounding the venturi to the main
jet, marked "Air Lightening Passage". Air is
drown in through this passage out of the main
jet with the fuel. This aids in the fuel flow
and in atomizing the fuel as it comes from
the jet.
CHOKE

The choke is a manually controlled valve
that shuts off the main supply of air at the
carburetor inlet, admitting air only through
the spring loaded poppet valve and providing
an· easily ignited rich mixture. This is of
vital importance in starting the engine, especially in cold weather.
.
C losing the choke shuts off the main suppry of air and brings the vacuum from above

the throttle plate down into the carburetor.
The air balancing possage, the passage connectingthe air inlet to the float chamber, allows air from outside the choke to pass into
the float chamber. The pressure on the fuel
in the float chamber forces fuel up through
the jet, where it mixes with the air entering
through the pappet valve, making a very
rich air-fuel mixture.
D ISASSEMBLY
Before attempting to disassemble the carburetor, shut off the fuel at the fuel valve
and drain the carburetor bowl. .Remove the
air intake hose, choke rod, governor-tocarburetor control rod and remove the nuts
from the studs holding the carburetor to the
intake manifold and remove the carburetor.
To disassemble the carburetor, proceed as
follows:
1. Remove the main jet adjusting screw
to avoid damaging the adjusting screw when
the body of the carburetor is separated.
2. Remove the four screws holding the
upper and lower parn together and separate
the two parts.
3. Pull the hinge pin and remove the
float; the float needle valve will now drop
out.
4. Remove the float valve seat using a
wide screwdriver.
5. Remove the main discharge tube, using a 3/8 in. thin-walled, deep socket.
6. Remove the two screws fram the choke
valve shaft and pull the choke valve out with
pliers.
7. SI ide the choke valve shoft and return
spring from the housing.
8. Remove the throttle valve and the fuel
inlet elbow and strainer assembly. Screw a
pipe plug or pipe connector into .the elbow to
prevent the elbow from collapsing when unscrewing it with a wrench.
After the disassembly, all the parn except
the gaskets should be immersed in a suitable
carburetor cleaner or varnish solvent until all ,
deposits are removed. Remove the cleaner as
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recommended by the manufacturer and blow
out all the openings and passages in the carburetor with compressed air.
CAUTION: Never attempt to clean ot
"blowout" a carburetor without completely
disassembl ing it.
Blowing compressed air
through the elbow ond stroiner will serve only
to rearrange any loose dirt or deposits that
may be, in the strainer screen or in the carburetor bowl and may plug small' passages
even tighter.
INSPECTION
Inspect all parts and replace those that are
wor:n or defective. Make sure that the small
spring that holds the poppet valve closed is in
place on the choke valve and is in gaodcondition. Note the dust seal on the chakeshaft.
The seal is ' not said as a service item since
the choke is not operoted enough to produce
a great dea I of wear.
The dust seal on the throttle shaft is said
as a service item and should be replaced if it
does not securely seal on the shaft. If this
seal is worn and leaks, dust may be drawn
into the carburetor Old pass into the engine.

Fig. 174
Complete the assembly of the carbureto'r
and install on the tractor.
ADJUSTMENTS
Make the following adjustments befare
turning on the fuel. Remove the drain plug
and attach a rubber tube and glass tube as
shown in Fig.175 . Hold the top of the glass
tube just above the gasket level and turn on
the fuel. Measure the distance from the gas-

Inspect the float valve and valve ,s eat and
replace them if the valve is not seating properly.
REASSEMBLY

t

)'" Reassemble the carburetor in the reverse
:' order of the steps in the disassembly. Always
''''9se new gaskets after cleaning carburetor.
After campleting the assembly of the top
half of the carburetor, the float level should
be checked. The correct setting is 9/32 in.
from the surface of the gasket to the top of
the float. Hold the carburetor upside down
and make the measurement as shown in Fig.
174. Adjustments are made in the float level
by bending the float hinge in the required
direction.

Fig. 175
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ket down to the fuel level in the glass tube.
If the fuel level is more than 1/16 in . above
or below the 1/2 in. mark, the carburetor
should be removed and the float level adjusted
by bend i ng the hinge as needed. A low Ieve I
will cause a lean fuel mixture, will probably
cause tlie engine to miss and most certainly
result in a loss of engine power. A high fuel
level will cause the carburetor to "flood" resulting in a very rich fuel-air mixture.
Set the idle air adjusting screw at 7/8 of a
turn open. Set main adjusting screw at 1 ,1 /4
turns open, see Fig. 176. Start engine and
allow it to warm

-;.....----

Fig. 176
After the engine reaches the operating
temperature, slow to idle speed and adjust '
idle air adjusting screw until eng ine operates
smoothly. Using a tachometer, set the screw
on the throttle shaft arm so the engine idles
at 400 RPM.
To make the idle adjustment by the manifold vacuum, remove the plug from the intake
manifold and attach the vaCULm gauge, see
Fig. 177. Start and operate the engine at
idle speed. Turn the idle adjusting screw in
until the vacuum reading decreases, then turn
the screw out until the vaCULm gauge gives
the highest and most constant reading. Readjust engine speed to 400 RPM by turning
idling speed screw .

Fig. 177
The main jet setting is approximately 1 1/4
turns open. This should be checked under
load however. With the tractor under normal
load, quickly move the throttle from half
open to the full open position. If the engine
coughs or sta lis, the mixture is too lean.
Open the main jet until the engine responds
immediately to increase acceleration and
runs smoothly and evenly. The main jet must
never be set at less than one full turn open,
regardless of the load or operoting conditions. An excessively lean fuel mixture will
rapidly burn the valves and result in extensive and costly repoirs.

MANIFOLD
The intake and exhaust manifalds are cast
together and need very little service. The
manifold should be inspected for cracks and
leaks and new gaskets should be ~sed when
the man ifold is removed and replaced. Inspect the gasket contacting faces for warpage
and evidence of leaks or blowby . A leak at
any of the intake port gaskets is very serious
since it not only upsets the mixture and requires an uneconomical carburetor adiustment
but also permits fine abrasive dust to be
drawn into the engine which results in premature and excessive wear .

90
'- - - ' - - - - -

www.ntractorclub.com

ENGINE SYSTEMS

SERVICE BULLETINS
No.

Subject

Date

\

NOTES
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ELECTRICAL

pans ion due to higher temperatures wi II be
restricted and damage may result.

The elecirical system of the Ferguson tractar is compased of a storage battery, starting.
motor and switch; generaior and voltage regulator; coil, distributor and spark plugs; ignition switch; ammeter or warning light and
the necessary wiring. These components are
discussed in the text below, with the exception of the electrical tests. The reader is referred to the On-The- Farm Service Unit Manual for the Electrical System diagnosis.

BATTERY
The Ferguson battery used in the TO-3Q,
TO-20 and TE-20 tractors is a 6-volt, BO
ampre-hour lead-acid storage battery and is
positively grounded to the tractar frame. The
battery suppl ies the necessary electrical energy to the starting mator and ignition system
for starting purposes and also suppliments the
generator charging rate when the load demands placed upon it are greater than the
generatar output.
The physical condition of the battery is an
important factor in the amount of electrical
energy available and also battery life. If the
case is wet and dirty, surface discharge will
result. To clean , wash the top with a soda
solution.
Caution: Care should be exercised to prevent the soda from entering the vent holes as
a neutralization effect with the electrolyte
will result.
A cracked case of soft sealing compound
is an indication of an excessive charging rate
and overheating.
A cracked ormissing cap will allow foreign
material fo ente r the cells and may cause
shorting. A plugged cap will prevent the
escape of gas and cause damage.
If the battery carrier has been installed
with its top tightened down excessively, ex-

The battery cables and connections should
be inspected for frays, wear and tightness.
Examine the level of the electrolyte. The
level should be 1/4-3/B in. abave the surface of the cells to obtain accurate specific
gravity readings.
The specific grav ity measures the degree
of charge in the battery. The state of charge
as indicated by the specific gravity readings
is given below far bath the 1 .2BO and 1.260
fully charged batteries. The readings are
based on a 20 hour discharge rate.
100% Charged
75%
"
50%
"
25%
"
Discharged

1.2BO
1.230
1 .180
1 .130
1.0BO

Nate: TO-30 tractors
equipped with fully charged
a specific grav ity af 1 .260.
are clearly designated by a
cell cannector.

1.260
1.220
1.170
1.120
1.070
are now being .
batteries having
These batteries
marking on the

STARTER Delco-Remy
The starting motor on the Ferguson TO-20
and TO-30 tractors is a Delco-Remy motoT
with a Bendix Drive, see Fig. 178. The motor
isa 4-pole, 4-field, 6-voltunit with a clockwise rotation when viewed from the drive end.
The armature shaft rotates in two 011 less bushings, one at the commutator en~ and one in
the end of the drive housing. The Bendix
Drive is keyed to the armature shaft and located by a screw pin. The pinion is mounted
on a threaded sleeve in such a way that when
the shaft revolves, the threaded sleeve turns
in the gear, causing the gear to move along
the shaft and mesh with the teeth of the flywheel. As the engine starts to run under its
own power, the flywheel drives the Bendix
gear at a higher speed than the threade<l
sleeve is revolving, causing the gear to move
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away from the flywheel and disengage. The
heavy drive spring is arranged to take the
sudden shock when the Bendix gear meshes
with the flywheel .
It is recommended that whenever the
brushes require replacing, the starting motor
be disassembled and thoroughly cleaned.
Since the commutator is almost inaccessable
through the cove r band openings, It is impossible to effectively use a brush seating
stone to seat the new brushes.
The Bendix Drive should be inspected and
any worn or damaged ports should be replaced.
This drive should be thoroughly
cleaned and oiled lightly before reinstalling.
REMOVAL & D ISASSEMBLY
To remove the starter:
1. Disconnec t the cable from the starting
motor terminal.
2. Remove the two cap screws that retain
the starting motor drive housing to the engine
block and remove the assembly.

Fig. 179
Remove the screws holding the drive housing "
to the motor housing. The drive housing and
armature can then be removed. The component ports of the starting motor are shown in
their relative positions in Fig. 179.
4. Remove the snap ring from the pinion
and barrel assembly and remove the thrust
washer and pinion and barrel assembly. The
remainderof the Bendix Drive can be removed
from the armature shaft by moving the lock
ring unti I the pilot screw is exposed, compressing the spring and anchor plate and removing the screw, see Fig. 180. The drive
assembly can then be sl ipped off the shaft.
INSPECTION & REPAIR
Inspect the condition of the fiber thrust
washer in" the starter drive shaft assembly. A
thin steel washer should be present to protect
the fiber washer. All starter units with a
Serial Number 2L 13 and later incorporated

Fig. 178
To disassemble the starting motor, proceed
as follows:
1. Loosen the screw and remove the cover
band .
2. Remove the two end plate retaining
screws. Loosen the two screws and remove
the field leads from the brushes. The commutator end can then be sl ipped off.
3. Mark the drive housing and the motor
housing with a chisel or center punch to show
the correct position for replacing, see Fig .17a

Fig. 180
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While the motor is disassembled, tape a
piece of 00 sandpaper around the commutator
and install the end plate with the new brushes
in place, as shown in Fig. 182. Siowlyrotate the armature in the direction it normally
turns until the brushes are sanded to a full
seat. It is impartant that the brushes make
full contact with the commutator bars if the
starting motor ,is to develop its full power.
The brush spring tension should be checked
wh ile the end plate is mounted on the armature as shown in Fig .183. The spring tension
should be 24-28 ounces, just as the brush is
I ihed free of the commutator. Replace any
springs that are not within this specification.
Fig. 181
this change. If the steel washer is missing
and the fiber washer found ta be damaged, a
new starter drive shaft assembly, Part Number
, 1878420, with a spring steel washer should
be used, see Service Bulletin 53-44.
The oilite bushing may be pressed out and
a new one pressed in using a standard bushing
driver as shown in Fig .181. Use a new expansion plug in the commutator end. lubricate
the bushings with a few drops of I ight oil before reassembl ing.
The brushes should be checked and replaced if they are less than one ' half their orinal len,nth

Fig. 183
If the commutator is dirty, it may be
cleaned while the starting motor is disassembled by Iightly dressing it with a piece of
00, sandpaper.
If the commutator is rough, burned or has
high mica, a light lathe cut should be taken
and the mica undercut about 1/32 in. It is
recommended that the unit be returned to the
nearest United Motors Outlet for such repair.
C lean the armature with compressed air.
Never clean the armature or field coils with
a grease solvent as the solvent may damage
the insulation.
REASSEMBLY

Fig. 182

To assemble the starting motor, merely
reverse the disassembly procedure. Make sure
that the two thrust washers are in good condi-
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tion and are properly positioned as shown in
FigJ7~ and the half-moon key is installed
between the Bendix Drive and the shaft.
To determ i ne the cause of fau Ity motor
operation, it is advisable to thoroughly .c heck
both the battery and starting motor. For methods and test procedure, refer to the OnThe-Farm Service Unit Manual.

2. If the starting motor has the terminal
In the end plate, remove the two nuts and
the end plate will sl ip over the terminal post.
Remove the two through bolts, and the commutator end plate.
3. Remove the drive end housing. The
component parts are shown in their relat ive
positions in Fig. 185.

5T ARTER Lucas
The starting motor used on the Ferguson
TE-20tractor is a Lucas, 6-volt i 4-pole motor
and quite similar to the Delco-Remy design
used on the TO tractors. The motor is equipped with a lucas barrel type outboard drive
with a 9-tooth Inion, Fi • 184.

Fig. 185
To disassemble the starter drive:
1. Remove the locating ring from the end
of the armature shaft and the snap ring from
the inner end of the pinion barrel.
2. Remove the pin securing the locating
nut and remove the locating nut which is a
left-hand thread . If any difficulty is experienced driving out the locating pin, shear
it when the locating nut Is unscrewed. The
rest of the pin can be driven out with a pin
punch.

Fig. 184
The first model TE-20 tractors were equIpped with starters having the termincil on the
side of the motor housing. The later models
have the terminal at the commutator end.

Note: On later models the locating nut is

Note: Refer to the Delco-Remy instructionson repair when servicing the Lucas starting motor.
REMOVAL & DISASSEMBLY
The lucas starting motor is removed in the
same manner as outl ined for the Delco-Remy .
The method · of disassembly differs' somewhat
and is outlined below.
1. Remove the cover band and hold back
the brush spring, remove the two brushes attached to the field coils from their holders.

Fig. 186
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secured by caulk ing the nut in the shaft keyway,. see Fig . 186. When assembling the
starter drive, use a new locating nut.
3. The remaining parts are easily removed
by sliding them from the shaft.
INSPECTION & REPAIR
The bronze bushings in the drive housing .
and the commutator end plate can be pressed
out and new ones pressed in using a standard
bushing driver as shown in Fig. 187 . Before
reassembly, lightly coat the bushings and fill
the commutator bearing cup 1/4 full with
high melting paint grease.
Compare the brushes with a new brush and
replace them if they are less than one half
their original length. To replace the brushes, .
unsolder the brush leads and solder the leads
of the new brushes in place. The brushes are
preformed and need no seating.
To replace the commutator end plate, lift
the two brushes that are attached to the end
plate in their holders and wedge them with
the spring as shown in Fig. 188. Slip the end
plate in place, release the brushes and install
the spring correctly . Then install the other

Fig . 188
two brushes. Check the brush spring tension
as shown in Fig. 189. Replace any spring
that
, is not within the specifications of 32-40
ounces.
REASSEMBLY
Reassemble the drive and motor in the reverse of the above steps. Replace the locating nut and tighten it before replacing or
brading this pin or before the locating nut is
caulked into the keyway .

,.--,,,.---,------,

Fig. 189

Fig. 187
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STARTER SWITCH

defective switches should be replaced rather
than attempting to repoir the old switch. ,

The starter switch is mounted on the transmission housing just forward of the steering
calumn, and is held in place by four cap
screws. The contact points are compiete'ly
sealed against the entrance of dust and moisture. The switch is actuated by a, rocker on
the underside of the switch which in turn is
actuated by the connecting link from the forward end of the reverse shifter rail. Contact
is made by moving the gear shih lever i~ the
direction opposite to the reverse position.

INSTALLATION

REMOVAL
To remove the starter switch:
1. Disconnect the three wires from the
switch and remove four bolts holding the
switch to the transmission housing.
2. Raise and tilt the switch forward. Secure the connecting Iink with a piece of wire
to prevent it from dropping down.
3. Remove the cotter pin and clevis pin
that attaches the rocker to the switch' bracket,
see Fig. 190.
4. Remove the two cap screws holding the
switch to the switch bracket.
The starter switch IS serviced as a unit and

When,'repla,::ing the switch, assemble the
switch to the switch bracket, attach the rocker to the connecting link and secure the
clevis pin with a cotter pin. Remove the
wire attached to the link and place the switch
in position. Replace the ,retaining cap screws
but leave them loose and adjust the switch as
follows:
1. Move the switch in the slotted holes
as far toward the rear as possible and tighten
a couple of cap screws.
2. Test by shihing the gear shih lever
into start position. If the switch fails to make
contacf or makes poor contact, loosen the
bolts and move the switch forward slightly
and check the contact in the new position.
3. Repeat the above until the switch
makes a good, full contact.
Caution: Mounting the switch too far forward will tend to cause the switch to jam and
stick.

GENERATOR Delco-Remy
The generator used on the TO tractors Is a
Delco-Remy, 6-volt, 3-brush design with a
ball bearing in the drive end and a bronze
bushing in the commutator end, see Figs.191
and 192. The third brush conducts current to

Fig. 191

Fig. 190
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Fig. 192
the field windings from the commutator and
provides the internal means of controlling the
maximum outRut of the generator I see Fig.
193. A special drive end frame and support
brocket provides a hinge type mounting and
permits adjustment of the drive belt tension.

F

Fig. 194

REMOVAL 8. DISASSEMBLY
To remove the generator:
1. Disconnect the wires from the generator terminals and loosen the hinge bolts and
the adjusting brocket bolt.
2. Push the generator toward the block
and slip the drive belt off the pulley.
3. Remove the hinge bolts and the bolt
from the tension adjusting brocket and lift off
the

Fig. 193
The mounting brackets on the TO-30 and
TO-20 generators differ somewhat and are
shown In Flgs.194 and 195 • . The difference
in the mounting brackets makes it impossible
to interchange the two model generators. The
service and testing procedures for both models
are the same.
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Fig. 197

Fig. 196
To d isassembl e the generator:
1. Remove the cover band and disconnect
the field lead and anmature tenmiiiallead fro";
the brushes .
2 . Remove the two retaining bolts and
sl ip off the commutator end plate.
3. Withdraw the pulley, end plafe 'and
armature shaft from the generator housing.
4. Remove the nut, pulley and woodruff
key from the end of the anmature shaft and
press the anmature shaft out of the end plate,
as shown in Fig .196. The spacerCc:iollii'r can
then be removed.
5. The roller bearing can be removed by
removing the retaining plate from the inside
of the drive end plate.
6. Remove the cover frpm"the commutator
end plate and remove the oiler wick.

•

INSPECTION & REPAIR '

Inspect the generator periodi~ally to de. .Its con d'Itlon.
.
I nspect
~
t hi!3 ,el'terno I
termlAe
wiring, tightness of the tenminats ' and. the
condition"and tension of the dri~e belt~ - Re'move the cover band and inspect, th,e brOshes,
commutator and internal connections., If the
commutator is dirty, it may' be
. ' cI~r\ed by
holding a brush seating stone.agQinst the commutator. while the generata~ 'i;) n'~peration ;
as shown in Fig. 197. Move the stone bock
and forth across the commutator. Dirt a'nd
gum shauld be cleaned off in a few secO'nds ~
A piece of 00 sandpaper and a wood stick can
~

},.

also be us~d to clean the cammutator . Always
blow th,e'-, du{ •'from the generator after the
commuta) ';r hos been cleaned. If the commutator is rough, worn out-ofroun~" or has high mica, a lathe cut should
be taken from it and the mica undercut about
1/32 in. If qualified personnel using the
proper tools are not available, it is recommended that the unit be returned to the nearest United Mo.tors outlet for such repairs.
Compare the brushes\ wlth a new one and
if the brushes are worn to less than half their
original length, they should be replaced.
New brushes should be ,s eated with a seating
stone 'ttl make sure that they make full cantact witfJ:; the commutator. WlJen replacing
or renewing the brushes, note that one brush
in the set is of darker and sof.ter material.
This Is ,tije .thlrd brush and Is to be installed
on th-e thircl'biush plate. The generator output should --be checked after replacing the
brushes as this may change the position of the
third brush and thus change the output. Refer
to the On-The-Fanm Service Unit Manual. '
If the bronze bushing in the commutator
end plate is worn, it can be pressed out and
~ new orie pressed in as shown in Fig .198 •
The inside diameter of the replacement bushing is .008- .012 in. undersize. The correct
procedure for installing the bushing follows:
a. Press the new bush ing into the end
plate as shown above. The new bushing does
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.~

,

Fig. 198
not have an oil hole ond must be drilled after
installation, as shown in Fig . 199. Using a
1/4 in. drill, drill through the bushing so
that the oil wick will make good contact with
the a rmature shaft.
b. Using an expanding type reamer, carefully ream the bushing until it will just slip
freely on the armature shaft. Thoroughly
clean the assembly. Install 'a new oil wick
and new 0 iI hoi e pi ug and replace the cover
and the end plate.

,

Fig. 200
Install the commutator end plate on the
commutator and check the brush spring tension as s.hown in Fig. 200. It should be between 17 and 18 ounces. If the spring fails to
meet this specification or if it shows signs of
overheating, always replace it.
The model generator used on the Ferguson
tractor makes use of a "swivel type" brush
holder which can be removed by removing
the screws attaching the brush holder to the

Fig. 201

Fig. 199
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end plate, see Fig. 20.1.

,

~,',

,
.

While the generator is disassembl'e d," H
should be cleaned, using compressed air. ;;~e
armature and field coils should never 'be
cleaned with , a grease solvent, the solvtint
may damage the insulation.
A11 parts should be cleaned and carefully
inspected before reassembly.
Damaged ' or
worn parts should be replaced. The, l'olier
bearing in the drive end should be }epCick~
with high melting' point grease. ,':,
.,'
\

REASSEMBLY

,',

Fig . 202

')'

, 1. Replace the end plate, pulley a~ reta inlng nut on the armature shoft and place
the armature in position in the housing.
Note: Both end plates are doweled and
cannot be installed In the wrong position.

2. Assemble the commutator end plate.
Spread the brushes and sl ip the end plat.e in
place. Replace and tighten the two 'through ..
baits.
3. Connect the two internal leads to the
brushes.
Note: The field lead is connected to the
th Ird brush.
4. Mount the generator on the tractor
and replace the drive belt. Connect the two
external leads. Connect the "F" 'terminal of
the generator to the "F" terminal of the voltage regulator. The "A" terminal of the generator is connected to the "GEN" terminal
on the back of the voltage regulator.
Caution: The generator must be polarized
before the engine Is started. Failure to do,
this may result in burned relay points, ,a rundown battery or damage to the generator itself: To properly polarize the generator,
momentarily connect a jumper lead between
the armature terminal of the generator ana
the negative terminal of the battery. This

perm its a surge of current to flow through the
generator which correctly polarlz,es It.

5. Adjust the tension of the drive belt by
moving the generator toward or away from
the engine block until there Is 1/2 in. free
movement, measured as shown in Fig. 202.
Whtmever the generator has been disassembled or the brushes replaced, the generator outp'ut should be checked . Even the reseati~g of worn brushes can change the relative location of the third brush and affect the
'maximum output of the generator. Refer fo
the On-l'he-Farm Service Unit Manual.

GENERA TOR Lucas
Ih,! ,TE-20 is equipped with a Lucas, 6volt, tWo"~rvsh type generator see Fig. 203.
The' Output is controlled completely by the
~o(rag~, 4"egulC!tor . The armature shaft is supported by a bronze bushing at the commutator
e~d and a ball , bearing at the drive' end. The
generator leads have non-reversible plug-in
te'rminals which can be Installed on the generator o,nly in their proper position.
The bronze bushing is lubricated by a
spring loaded felt pad, The spring and pad
~hould be removed and the lubricator filled
:abaut one half full with high melting point
grease whenever the generator isdisassembled.

,,''

Note: Refer to the Delco Remy instructions on page 97 ,
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Fig. 203

Fig. 205

. REMOVAL & DISASSEMBLY
The generator is removed in a similar manner, as outlined for the Delco-Remy.
To disassemble the generator:
1. Loosen the two through bolts and remove the commutator end plate' There are no
internal connections to be uncoupled before
removing the end plate.
2. The drive end plate, annature and

,.

..1' I

,.,

INSPECTION & REPAIR
If the brushes are worn so that they do riot
make good contact with the commutator, they
should be replaced. New brushes are preformed and do not require seating. Install
. the commutato.r end plate on the commutator
and . check the brush spring tension with a
spring scale, as shown in Fig . 200. The
spring should be . replaced if the reading Is
not between 22-25 ounces.

I .

d

't'

through bolts can be withdrawn from the generator housing.
3. Carefully clamp the armature shaft in
a soft-jawed vise and remove the drive pulley. It may be n~cessary to use a srri~ II pull er
to remove the drive pulley as shown in
Fig. 204.
4. Press the armature shaft out of" the
drive end plate as shown in Fig. 205 and remove the through bolts.

~

Fig. 204

The 'cOmmutator $hould be examined and
cleaned with fine sandpaper if dirty. If the
commutator ' is very dirty, pitted, worn outof-round, or has high mica i a cut should be
taken from it in a lathe. The mica should
then be; undercut 1/32 iil. and the commuta:"
tor thoroughly cleaned before installing.

102

www.ntractorclub.com

ENGINE SYSTEMS
spread the rivets with a punch.
To remove the bronze bush i ng from the
commutator end plate, remave the outside
protective cap. Press aut the bushing as
shown in fig. 207. Press the new bushing in
place and lubricate it lightly. Fill the lubri~
cator about half full of high melting point
grease and replace. Replace the protective
cap. It is recommended that the unit be taken
to a reliable e!ectrical equipment service shop
for such repairs if trained penonnel and fhe
proper equipment are not available In the
Dealenh.ip.
REASSEMB~Y

If it is necessary ta remaveor replace the
roller bearing in the drive end plate, knock
aut the three rivets from the retaini!1g plQte'
and remove the plate. Press the bearing-out ·
toward the armature side of the plate as shown
in Fig. 206. Renew the felt grease seaf if
needed. Before replacing the bearing, pack
it with high' melting point grease. R·eplace
the bearing by pressing it in place. Replace
the retaining plate and insert the three hollow
rivets from the outside of the end ' ate and

Fig. 207

1. Press the armature shoft into position
in the drive end bracket.
2. Replace the through bolts in the holes
in the end plate, replace the drive pulley and
tighten the retaining nut.
3. SI ide the annature and drive end assembly into the generator housing. Note,
that both end plates are doweled and can be
installed on the housing in anly ane pasition.
4 . Raise the brushes in their holden on
the commutator end plate and wedge them in
this position by locating the springs on the
sides. Make sure that the brush is far enough
up in the holder to clear the commutator as
the end plate slides on .
5. Slide the end plate on the shaft until
the brushes are just started on the comm.u tator . Release the brushes and return the springs
to the center of the tops of the brushes.
6 . Push the end plate in position, insert
the through bolts a nd tighten secure~y.
7 . Mourit the generator on the tractor and
adjust the drive belt tension until there is
1/2 in. of free play in the belt, measured as
shown in Fig. 202.
Caution: Before connecting the tennlnal
wi res to the generator, the generator must be
repolarized to make sure it has the correct
palarity with respect to the bottery. To correctly polarize the Lucas generator, momentarily connect a jumperlead between the neg-
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ative terminal of the battery and the ormature
terminal of the generator . This is important
and must be done to avoid damaging the ignition system.
Whenever the generator hos been removed
and disassembled for c1eoning or repoirs, the
generator output should be checked ofter ,
mQunting the· generator on the. tractor. Refer
to. the On-The-Farm Service Unit Monual.

REGULATOR Delco-Remt
The TO tractors are equipped with a
Delco-Remy voltoge regulator, model No.
1118308 or model No. 1118291. The difference in the two models being in the method
of adjustment.
The regulator is a two ,!nit, combined
current-voltage . regulator and a cutout or reverse current circuit breaker. The regulator
is especially designed for use with a third
brush generat~r having an externally grounded
field circuit. The unit also has a special
wiring circuit which adapts it to the type of
service encountered in farm tractoroperation.
The function of the voltage regulator is:
1. Breaks the circuit between the battery
and generator when the generator vol tage
falls below the battery voLtage. This prevents
discharge of the battery through the generator when the tractor is running at idle speed
or stopped.
2,. Controls the current and volfage output of the generator .
The Delco-Remy current-voltage regulator
also incorporates a temperature compensoting
device in the form of a bimetal hinge on the
regulator armature. This allows a higher outpvt when the regulator is col<;l. and reduces
the output as the regulator becomes warm. This
gives a quick charge immediately after start- .
ing, when there has been a heavy drain on
the batte ry •
The regulator is sealed a.gainst moisture
and dust by mea'ns of a rubber gasket. The
cover is crimped in place and shol:.ll.d be re-

Fig. 208
moved. only after it has been determ ined that
the regulat,o r needs adjustment or repoirs. Refer to the On- The.-Farm Service Unit Manual
for regulator tests.
The voltage regulator has four external
terminals. When the unit is in position on
the tra.etor, . the three terminals along the
bottom edge are marked "F", "Bat" and "L",
see Fig. 208. The "F" or field terminal is
connected to th~ field terminal of the genergto·r . The "Bat" or battery terminal is conne~ted to tbe wire from the hot side of the
starter switch. The "L" or load terminal of
the regulat6r is connected to the ignition
switch and all loads, such as lights, shovld .
be conllec-ted to this terminal. By so connecting th!;irtl, the regulator compensates for the
load a'~ still maintains the battery charge.
Any ini~rmittent, heavy load, such as a horn,
shouldt. be connected to the battery terminal
and !fot to ;fhe load terminal. T.he fourth terminal; of- the regulator, located on the back,
see 'F.Jg~ '~09, is connected to the armature
termiriOlof
the generator.
.
..).

",

~

~,

~'.-

. G,he.!:k, the ·wi'ri.ng dlagrams, s.e e page 115,
and note the ;-,<i re col.ors when con}lecting' the
regulator. W there is any uncertainty as to
the color of the wiring, the wire should be
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,The Lucas regulator is a two-unit, temperature , compensated type completely sealed
against dust and moisture. The temperature
compensating device allows a higher output
when the regulator is cold and reduces the
output, as the regulator becomes worm. This
gives a qu ick charge immediately after starting. The compensating device is in the fo,rm
of a bi-metal ,strip which, due to the unequal
exponsio,n of the two metals, increases the
pressure of the, adjusting spring.

Fig. 209
traced with an ohmmeter or a suitable' "test
lamp. An improperly connected regulat~'~
may result in burned contact points, the moment the engine is started.
If for any reason, the regulator appears 'to
be functioning improperly, the following
points should be noted before referring 'to the
On-The-Form Service Unit Manual for electrica I tests.
1. Fan be It tens ion, see page 79 •
2. The state of charge of the battery,
see page 92 • •
3. Crossed generator or regulator connections.
4. Broken wiring or poor connections.

The regulator has three functions:
1; Breaks the circu it between the battery
and fhe gererator when the voltage falls below the voltage of the battery.
2. Controls the maximum volta'ge reached
by the generator.
'
, 3 ; Cbntrbls the maximum current output
of' the generator.
The Lucas regulator is equipped with four
terminals, marked "F", "A", "E" and
"0" on the 'regulator housing, see Fig. 210.
Terminal, "F" or field is connected directly to
the field terminal of the generator. Terminal
"0'" is connected, ' by way of the warning
I ight or ammeter, to the brushes of the generator. Terminal "E" is grounded, usually to
a bait in the starter switch plate. Terminal
"A" is connected to the battery or hot side of
plug~-jn

REGULATOR Lucas
The. TE-20 tractor is equipped with amopel
RF-97, Lucas combination cutout and voltage
regulator. This model is designed to op~rate,
with a two brush, shunt wound" igenerat"'r
and is the only control of the output of'the
generator. It should be noted then that on
important characteristic of this Iype generator ,
is that as the generator speed is increased, ,
the output will rise accordingly, since there
iS,no interna l control of the maximum output.

Fig. 210
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the starter switch. When removing the regulator from the tractor, first remove the two
screws and the retainer plate, see Fig.210.
If the wires are pulled from the regulatar
without removing the retainer plate, the end
terminals will be pulled fram the wires.
Check the coloring of the wires when connecting the regulator. If there is any un-o
certainty as to the color of the wiring, the
wire should be traced with an ohmmeter or a
suitable test lamp.
Improperly connected
regulator may result in burned contact points
the moment the engine is started, see section
on the TO regulator on page 104 when the
regulator is not functioning properly.

IGNITION COIL
The Delco-Remy coil used on TO tractors
and the Lucas coil on TE tractors is a conventional 6-volt type, oil-filled and hermetically sealed to prevent the entrance of moisture. The oil permits a more rapid dissipation
of heat and provides greater insulation. The
sea ling of the co i I prevents mo i sture be i ng
drawn into the coil during the cool ing off
period. This eliminates one of the greatest
causes of coil failure, the damage to the insulation by moisture.
The purpose of the ignition coil is to take
the current from the battery or generator, and
step up the voltage to a point required to fire
the spark plugs. This secondary voltage sometimes goes as high as 20,000 volts.

In the low tension circuit, the negative
terminal of the coil is connected to the Ignition switch and the positive term inal is connected to the distributor. Refer to the wiring
diagram for the proper wiring and to the OnThe-Farm Service Unit Manual for coil polarity tests. The high tension circuit has only
one wire. which is connected to the center of
the distributor cap. The operatidn of the coil
will be discussed under "Distributor Action".
The ignition cO.il requires little attention
other than keeping the terminals tight and the
exterior clean . If the coil is defective, it
must be replaced since it cannot be repaired.
Before a coil is discarded, it should be carefully checked on a good tester to determ ine
that it is actually defective.

DISTRIBUTOR Delco-Remy
Both the TO-20 and TO-30 tractors are
equipped with Delco-Remy distributors. The
distributors are very similar in design .but
neither the distributor nor its component parts
are interchangeable. The main difference in
the distributor is the design of the advance
. weights and springs and the resulting difference in the characteristics of the advance
curve. The other difference evident from a
visual inspection, is the method in which the
low tension terminal is insulated, see Fig. 211.
The TO-30 tractor uses Delco-Remy Model
No. 1111740 and the TO-20 uses Model No.
1111722 with crankshaft rotation advance of

The essential parts of the ignition coil are
the core, primary winding, secondary wind-.
ing and the case.
The primary and secondary windings are
assembled on the core and mounted 'in the
case. The case is provided with two lowtension terminals and one high-tension terminal.
The secondary winding is ground
through the primary so the coil case does not
require grounding to the engine. The high
tension terminal is protected by a bakel ite
insulator.
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26 and 24 degrees respectively, both models
are fully automatic.
The distributor is made dust proof by a seal
between the cap and hausing and a felt seal
around the distributor shaft. The cap is ventillated to permit the escape of ozone and
condensation.
The distributor has three distinctfunctions.
1. It makes and breaks the low tension
circuit, SO that the primary winding of the
coli is supplied with intermittent surges of
current.
2. It times the surges to meet the engine
requ i rements.
3. It directs the high voltage surge to the
spork plug which is ready to fire.
The centrifugal advance mechanism is Incorporated in the distributor to automatically
vary the timing of the spark with respect to
the position of the piston in the cyl inder. At
high speeds, the spork must occur at the plug
earlier in the compression stroke In order for
the fuel mixture to del iver full power.
The advance mechonism consists of an advance cam, breaker cam, a poir of 'advance
weights, springs and a weight base that is Integral with the distributor shaft.
At lo,w
speeds, the advance weights are held in toward the center by the spring tension. As
the speed of the distributor shaft increases,
the centrifugal force overcomes the spring
tension and the weights move outward and the
toggles on the we ights engage the advance
cam. Th is rotates the advance cam and breaker cam which in turn allows the breaker cam
to open and close the contact points earlier,
thus advancing the spark.
The distributor is assembled with a supply
of oil in the built-in oil reservoir. It is recommended that whenever the distributor is
removed from the tractor, the oil be drained
and the reservoir refilled with clean 20W engine oil.

REMOVAL & DISASSEMBLY
To remove the assembly:
1. Disconnect wiring.
2. Remove the distributor cap and note
position of the rotor in relation to the distributor assembly.
Note: If the engine is not cranked after
the distributor Is removed and the rotor is replaced in the same pasition, when the distributor is assembled to the tractor, the engine
will be roughly timed.
3. Remove the clamp cap screw and remove distributor.
To disassemble the distributor:
1. Remove the plug and drain the oil from
the oil reservoir.
2. Remove the distributor cap, rotor and
dust seal.
3. Disconnect and remove the condenser
and the moving contact point.
4. Remove the insulated low tension terminal.
S. Remove the three screws holding the
breaker plate in place and remove the plate.
6. Support the hous i ng and shaft on wood
blocks and carefully drive the pin from the
drive pinion. The pinion can be sl ipped from
the shaft and the shaft removed from the
housing.
The porous bushing may be pressed out of
the housing and a new bushing pressed in
place using the proper size mandrel as shown
in Fig. 212. Great care should be exercised
when installing new bushings as the amount
of oil that seeps through the porous bush ing is
seriousl y affected by scratches and scuffed
areas on the surfaces.
The bushings are
manufactured to exact size and must not be
reamed, scraped or filed.
REASSEMBLY
Reassemble the distributor in the reverse
order of the above steps. Note the spacer
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Fig. 212

Fig. 213

washer between the housing and advance
weights and the spacer washer and shim between the housing and the drive pinion. This
is to control the end play in the shaft which
should not exceed .010 in. Rivet the pin securely in the drive pinion. Adjust the paints
as outlined under distributor inspection and
adjustment.

the distributor shaft and replaced as shown in
Fig. 213. The ball bearing should. be re~
packed with high melting point grease when:ever the distributor is disassembled.

DISTRIBUTOR Lucas
The TE tractor is equipped with a model
D-3A4 Lucas distributor. This unit is very
similar in design and function to the DelcoRemy Model used on all TO tractors. The
Lucas distributor is equipped with an automatic, centrifugal advance mechanism which
gives the correct engine timing for various
engine speeds.
Refer to the section on the Delco-Remy
distributor for Information and adjustment on
distributor action, disassembly and adjustment
of the Lucas Distributor. Note the following
differences:
The distributor shaft is supported at the
upper end by a ball bearing and at the lower
end by a bushing. The bush ing is removed
and replaced similar to that of the DelcoRemy. The ball bearing can be removed from

Note: ·When reassembl ing the distributor,
make sure ,that the fiber washer is in place
between the housing and the drive pinion.
This confrolsthe
end play in the shaft.
.
.
INSPECTION & ADJUSTMENT
All wiring should be checked for insulation deterioration~ terminal and wire corrosion due to poor connections (particularly in
high tension side), loose connections and excessive oil, grease and dirt .. The distributor
should be inspected to determine if:
.
1 ~ Centrifugal advance mechanism is free.
Place rotor on distributor shcift and tum in
direction of rotation, then release. No binding should be f~hand rotor should return to
original pasition snappily when released. If
binding Is noted, the cause must be located
and corrected.
2 . Cap and · rotor have ch ips, cracks 'or
carbonized paths . Thl$ would allow high tension leakage to ground. Such defects require
replacement of part.
3. Contact points are properly alignep.
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Points should meet squorely; however, if they
do _not, bend the fixed point with ·needlenose pi iers until they do. This is porticularly important when install ing new points .
4. Point gap is properly set. Contact
point opening is 0 .022 in. on the TO-20 and
TO-30 tractors and 0.015 in. on the T-E-20.
The point opening of used points cannot be
checked correctly with a flat feeler gauge,
since a flat gauge measuresfram high j)Olnt
to high po i nt on the contact surfaces and not
the actual point opening. An accurate method of checking used points is"wlth a dial
indicator. However, it is suggested .tba.t,.the
points be 's et with the dwell meter, sei!~O'n.i.
The-Farm Service Unit Ma.nuo.l. "IUhEi P9U~ts
appear in a workable condition:; they'~,h'Qill1:l
be cleaned with a few strokes of 'a .clean,
fine-cut contact .file. Attemp,tlng fo remove
all roughness or to dress po1nt1slo!rfaces too
smooth will shorten point life ~

smws

5. Contact point spring tension is correct.
The tension should be 17-21 ounces for TO20 and TO-30 tractors, 20-24 ounces for the
TE-20 tractor. This should be checked with
a spring gauge hooked on the breaker lever
at the center line of the point and at right
angles to the breaker arm, Fig. 214. The

reading should be taken just as the points
open. If -the spring does not meet the specifications, it should be bent with needle-nose
pliers until c~rrect tension Is obtained, Fig.
'215. This check is important on a new spring,
as excessive pressure causes rapid wearing of
rubbing block, decreasing the point gap;
while insufficient pressure will permit high
speed point bounce, causing arcing and burning of points and a missing engine.
6. The points are burned. This can result
from :
a. 1 High voltage which causes excessive current to flow through the distributor
breaker points and burns .t hem. This can be
caused by an improperly adjusted or Inoperative regulator or an excessively advanced
third-brush adjustment.
b. Crankcase vap;irs which deposit a
residue on the point surfaces and causes burning. This can be caused by a plugged breather p.ipe which permits crankcase pressure ta
force oil or. vapor up the distributor. Overoil ing the distributororhandling the points with
greasy hands will also cause point burning.
c . Contact point opening too small.
The point_s will be closed too long a period of
total operating time, permitting too high a
current flow through the points and causing
them to burn too rapidly.
d. High series resistance in the condenser circuit, caused by a loose condenser

Fig. 214

Fig. 215

Note: Never use emery cloth or sa,.,dpope,r
to clean points, since porticles will imbed
and cause arcing and rapid burning of points.
'-OJ
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mounting or connection or by poor connections inside the condenser. This will prevent
normal condenser action, consequently the
points will burn too rapidly. .
7. The points are pitted • This results from
an unbalanced condition in the ignition system, c<;lusing a transfer of tungsten from one
point to the other. Thus a tip builds on one
and a pit forms on the other. Such pitting In
the Ferguson Electrical System usually indicates that the condenser Is defective and
should be replaced. It is recommended that
whenever the points are burned or pitted and
require replac ing, the condenser also be replaced.

It may be necessary to remove the assembly
and compensate for this by setting the rotor a
few degrees back of the extension.

5. Bolt the assembly to the engine". To
accurately time the engine, a timing light
must be used as outl ined below.
To time TO tractor engines using a timing
light:
1. Remove button plug from left-hand
front side of engine housing, see Fig . 216.

ENGINE TIMING
The distributor automatically varies the
timing for the best performance and economy
at any given engine RPM. Even though the
distributor is properly cal ibrated, it cannot
provide correct ignition advance unless it is
timed to the engine when installed.
To rough time the engine:
1. Remove number one spark plug.
2. Crank engine until number one piston
starts up on compression stroke (this can be
determined by holding thumb over the spork
plug hole) and reaches top dead center.
Note: The exact top dead center can be
obtained by removing timing plug on TO
tractors from left-hand side of engine housing.
The "DC" mark should be lined .up with the
mark on the housing.

Fig. 216
2. Connect the primary leads of the timing light-Black lead to battery cable terminal
at starter switch; Red lead to trottor ground.
3. Connect blue secondary lead to No.1
'spark plug, Fig. 217.
"

3. Turn the rotor of the distributor until
it points to the number one cylinder ignition
wire extension on the inside of the ignition
cap.
4. Install the assembly to the tractor engine in this manner.
Note: Due to the nature of the curved teeth
of the spiral gears on the camshaft and distribuft>r, the rotor w ill rotate a few degrees
when the assembly is installed in the block.
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4. Connect tachometer leads-Black lead
to distributor post; Red lead to tractor ground.
5. Start and run engine at 400 RPM.
6. Use tim ing light to observe position of
timing marks (located on flywheel) in relation
to the marks on the housing.
7. If timing does not agree with specifications, loosen holding screw on distributor
base and rotate distributor until it does.
8. ' Observe position of timing marks at
400, 1000 and 2000 engine RPM.
TE-20
Degrees

Tractor
RPM

TO-20
Degrees

400
1000
1500
2000

70
210

60
160
230

310

320

TO-30
Degrees

If the timing does not advance properly,
check for binding in the distributor shaft and
weights .
Note : The TE-20 tractor is not provided
with a timing hole and timing marks on the
flywheel. Instead, timing marks were placed
on the timing gear cover and on the crankshaft
pulley, see Fig. 218. However, with the
radiator and shroud in place, the timing marks
are inaccessable to a timing light. To make

a permanent timing mark that can be readily
seen when using the timing light, proceed as
follows:
Remove No. 1 spork pi ug and crank the
engine until No. 1 piston Is on the compression stroke. Turn the crankshaft until the
notch In the crankshaft pulley lines up with
the D.C. mark on the timing gear cover. Select a point on the gear cover and pulley
that can be seen accurately with a timing
light. Make permanent matching ,marks with
a chisel ar punch as shown in Fig. 218. Looking at the pulley from the rear, measure up
counterclockwise 1 1/2 in., on the outside
diameter of the pulley, from the first mark.
Make a permanent mark at this point. This
second mark is the advance mark for 2000
engine RPM.

SPARK PLUGS
The spark plug basically consists of two
electrodes positioned' in the combustion chamber and separated by an air gap. The center
or insulated electrode receives high voltage
surges from the distributor which dlschorges to
the side or ground electrode forming a spark
to ignite the air-fuel mixture In the combustion chamber.
The impartance of the proper selection,
cleaning and adjustment of spark plugs cannot
be over emphasized. Any fault in the plug
will cause poor perfortnance .or non-operation
of the cylinder to which it is attached.
There are several methods of class·lfylng
spark plugs, such as, type of construction,
size, type of thread, number of electrodes
and heat choracteristics,however, the recommended plugs for the TO-30, TO-20 and
TE-20 tractor engines as listed below are concerned only with the heat range.
Make

Size

Champion 18mm
Fig. 218

AC

Heat Range
Cold
Standard Hot
8 com. C7
6M

18mm 86 com. 87 com. 85 com.
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The tenn heat range refers to the length of
the path the heat must travel from the combustion chamber to the water jacket. This is
controlled by varying the length of the insulator that extends below the gasket.
REMOVAL
The following procedure should be followed when removing the spark plugs from the
engine. Always use a special deep socket,
spark plug wrench. Make-shift wrenches may
slip and break the insulator.
1. Loosen all plugs three or four turns and
use compressed a ir to blowout the dust and
dirt from the plug recesses and seats.
2. Reseat the plugs, start the engine and
let It run at a fast Idle for a minute or two.
3. Stop the engine and remove the plugs.
The reason for th is procedure is that the
first few threads on the bottom of the plug
extend Into the combustion chamber. During
engine operotion, hard carbon forms on these
threads. When the pi ugs are unscrewed, the
carbon flakes off and falls into the combustion chamber. If not blown out, the carbon
pieces may get under a valve, hold it partially open, and give a false indication on
some further check. By tightening the plugs
and running the engine, the carbon is blown
out of the combustion chomber and will give no further trouble.

Fig. 219
Spark plugs should be cleaned and regapped after every 100 hours of operation.
Always remove the old goskets from the plugs
before cleaning. Any plugs that have oily
deposits on the firing end should be cleaned
in gasoline or other suitable solvent that con
be quickly dried with an air blast. Dry the
plug thoroughly before sand blasting or the
abrasive may pack inside the spark plug.
When using the abrasive blast, place the
plug in the rubber adapter and holding the
plug at the terminal end, move the top of the
plug in a circle while applying the blast, see
Fig. 219. By doing this, the abrasive will
properly clean all parts of the plug.

The gasket from a properly tightened plug
will be approximately one-half its original
ih lci<.n.,ss •
CLEANING & ADJUSTMENT
If th" center electrode has become worn
down or the ground electrode worn thin at
the sparking area, the plug will probobly not
perform efficiently and should be discarded.
If the plugs are found to be in good condition, they should be cleaned, regapped and
replaced in the engine.
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About three seconds is usually sufficient
time for the abrosive to clean the plug, but
the cleaning time should be limited to that
necessary to clean the deposits from the insulator nose. Prolonged use of the abrasive
blast will wear away the insulator and damage
the plug. Blow the abrasive out of the plug
aftercleaning with the air jeton the cleaner.
Remove the dust and other foreign material
from the threads with a wire brush.
Before setting the gap of a cleaned plug,
pass a thin point file between the sparking
areas to produce flat, parallel surfaces, see
Fig. 220. Adjust the gap by moving the
ground electrode. Check the gap with a
wire feeler gauge. The plugs for all three
tractor engines, TO-30, TO-20 and TE-20 are
set at .025- .027 in.
The Ferguson tractor engine will operate
more effie iently under most conditions when
equipped with the standard plug. Cold plugs
should be used only if the engine is to be operated continually above normal speeds or
loads.
Hot plugs should be used only if the engine is in good condition and is to be used
for I ight work.
If the pi ugs are of the correct heat range
for the operating conditions but appear to be
operating either too hot or too cold, find the
real cause. Never change heat range to compensate for trouble elsewhere in the engine.
INSTALLATION
1. Check the cylinder head threads and
gasket seats. The gasket seats should be clean
and free from dirt, old gaskets, rust and other
foreign material. To clean the cylinder head
threads, .place a few drops of penetrating oil
or kerosene on the thread. Remove the gasket
from an old plug and check the threads to
make certain that they are in good condition. Screw the plug into the cylinder head
as far as it will go. Remove the plug. This
will clean out any deposits on the threads.

Fig. 221
2. Using a wire gauge as shown in Fig.
221, check the spark pi ug gap and set at
.025-.027 in., check all plugs before install ing. Just because the pi ug is new is no
assurance that the gap is properly set.
3. Install new gaskets and screw the plug
into the cylinder head finger tight. If the
threads are clean and in good condition, the
plug should seaton the gasket with only finger
pressure. Using a torque wrench, tighten the
plugs to 32-38 pound-feet or by threading the
plug in until finger tight and tightening 3/4
of a turn.
It is recommended that whenever spork
plugs are replaced, a new gasket be Installed.
After the plugs have been installed and
the wires connected, start the engine and allow it to warm up. Close the throttle and let
the engine idle. If the old plugs were in bad
condition and the idl ing adjustment has been
set for these plugs, it may b.e necessary to
readjust the Idling jet to get smooth idling
with the new or cleaned plugs.

IGNITION SWITCH
The ignition switches used on the TO-20
and TE-20 eire of similar construction. Both
are two-terminal, key actuated switches provided with an "on" and "off" position.
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The ignition switch, 31083, used on the
TE-20 may be replaced with the switch used
on the TO-20, TO-36M, providing two SAE
H-l04 straight spoke type terminals are first
installed on the wiring ends.
.
.
The component parts of the switches are
not interchangeable.
Referring to the wiring diagram on page
115, the ignition switch is Inserted in the
wire from the "load" terminal of the voltage
regulator to the negative low tension terminal
of the coil, on both the TO-20 and TO-30.
One terminal of the warning light is also connected to one terminal of the ignition switch
on the TO-20.
The TE-20 ignition switch is in line from
the hot side of the starter switch to the negative low tension terminal of the coil. One
terminal of the warning light is also connected to one terminal of the ignition switch.
The switch used on the TO-30 is a combination light and ignition switch. The switch
has three terminals and four positions. The
positions on the switch are marked "off", "ignition, "ignition and lights" and "lights".
The terminals of the switch are marked
"B" for battery, "I" for ignition and "L" for
lights .
The ignition terminal of the ignition switch
is connected to the negative low tension terminal of the coil. The "battery" terminal of
the switch is connected to the "load" terminal
of the voltage regulator. If lights are .i nstalled on the tractor, connect them to the
"light" terminal of the switch.

WARNING LIGHT
The purpose of the warning light, used on
TO-20 and TE-20 tractors, is to indicate to
the operator when the battery is d ischarg i ng •
The units used on the TO-20 and TE-20

are interchangeable as such, but the component ports are not interchangeable. The TO
unit, composed of TO-3691 socket , TO-3692
bulb, TO-3681 nut, TO-3680 lock washer
and TO-3690 lens, may be installed on the
TE-20 tractor by soldering the white lead,
from the ignition switch, to the center terminal of the socket and soldering the yellow
lead, from the generator to the voltage regulator, to the outside end of the socket.
Referring to the wiring diagrams on page
115, note that the warn i ng Iight is connected
between the ignition switch and the armature
terminal of the voltage regulall;lr on the TO20 tractor and between the generator armature
wire and ignition switch on the TE-20 tractor.

AMMETER
The TO-30 tractor is equipped with an
ammeter in place of the warning light. The
type ammeter used is of necessity rugged in
construction. The rugged construction prevents incorporating a greater degree of sensitivity in the instrument and it is intended to
and only indicates to the operall;lr whether
the battery is charging or discharging.
Referring to the wiring diagram on page
115, note that the ammeter is connected in
series with the charging circuit and all the
current flowing to and from the battery passes
through it. The ammeter is in the line between the "hot" side of the starter switch and
the "battery" terminal of the voltage regulator.

AMMETER INSTALLATION
If it is desired to install an ammeter on the
TO-20 or TE-20 tractors, several changes in
the wiring must be made . The ammeter will
not operate if installed in place of the warning light.
To install ammeter on the TO-20 tractor :
1. Remove the large button plug on the
left side on the instrument panel. If an instrument is already in that position, a 2 1/32
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WIRING DIAGRAMS
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COLOR CODE
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4
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in. hole will hove to be mode to the top right
of the present open i ng .
2. Remove the mounting bracket from the
ammeter by remov i ng nuts and washers on the
terminals. Place the ammeter in the dash
open i ng fram the top.
3. Place ammeter mountins bracket on
ammeter from the back of the ' dash panel.
Tighten the first nuts to the mounting bracket.
4. Disconnect the black wire with yellow
traces from the starter switch, and also the
black wire with yellow traces from the "Bat"
term ina I of the regulator. Tape the ends of
this wire.
S. From the "Bat" terminal of the regulator, ru~ a 12 gauge wire up to a terminal
on the ammeter. From the other terminal of
the ammeter, run a 12 gauge wire down to
the" hot" side of the starter switch.
6. To determine if tile ammeter is Installed correctly, start the engine and open
the throttle until a definite deflection is
noted. If ammeter reads "discharge", reverse
the Ieads on the ammeter term i na Is.

10 install ammeter on the TE-20 tractor:
1. Proceed with Steps (1), (2) and (3) as
I isted for the TO-20.
2. Disconnect the wire from the "hot"
side of the starter switch and attach this wire
to one side of the ammeter.
3. Connect the other terminal of the ammeter to the "hot" side of the starter switch
with a 12 gauge wire. To determine if it is

Installed correctly, refer to Step No. (6)
listed for the TO-20.

TRACTOR WIRING
The wiring on the tractor is comparatively
simple, see Fig. 222 and Fig. 223, but it must
be maintained in good condition to prevent
hard starting and other electrical difficulties.
All parts of the wiring harness are designed
to carry the required current with no more
than the allowable voltage drop, however,
to accomplish th Is the contact areas must be
kept clean and tight. Dirty or loose contaets
will greatly reduce the current carrying capacity of a circuit.
The entire system should be inspected reg':'
ularly and any damage repaired before a short
circuit occurs.
The high tension ignition wiring, which
has a high resistance Insulation covering,
should be careful1y Inspected. The wiring
shou Id be replaced if the Insulation Is broken
or cracked. All high tension wiring on the
TO tractors may be used on the TE tractor If
the correct ends are fitted to the wire.
The various parts of the wiring harness are
available as service parts. Any time that the
wiring Is found to be defective, it should be
replaced.

TROUBLE SHOOTING
POSSIBLE CAUSE

TROUBLE
Continuous
Misfire

.i

1. Incorrect Type Plug
2. Spark Plug Fouled or
Not Properly Gapped
3. Cracked Insulator
4. Shorted Spark Plug Wire
S. Short in DistributorCap
6. Wire Not Making Contact in Distributor Cap
7. Spark Plug Wires Crossed
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SPECIFICATIONS
TO-30 (Z-129)
ENGINE OIL
Weight

Crankcase Capac ity .

TO-20& TE-20 (Z-120)

- - - SAE 30 above 50 deg . F. - - - - - - - SAE 2(1# below 50 deg. F . - - - - - - - SAE 1(1# below 10 deg. F. - - - - -

. 5 qt.

6 qt.

Oil Pressure (Operating Temp.)
Idl e (400 RPM). • . • •
Full Throttle (2200 RPM) •

- - - - - 1 5 PSI m i n . - - - - - - - - - - - 20-30 PSI - - - - - - -

OIL PUMP
Pump Gear Backlash
Pump Gear Side Clearance.
Drive Gear Backlash

- - - - - . 0 0 7 in. max. - - - - - - - - - - - .003- .004 in . - - - - - - -----.005-.010 in . - - - - - - -

RELIEF VALVE SPRING
Free Length
Test Length . • •

------2 in.--------

FILTER
Element Part No .•
Base Cap Screw Torque •
Caver Cap Screw Torque.

---13/8 in. @8 1/4Ibs. load - - - -

. TO-I8662-A
TO-18662-2
- - - - - 3 0 - 3 5 lb. ft. - - - - - - - - - - - 8 5 - 9 5 lb. f t . - - - - - - -
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SERVICE BULLETINS
No.

Date

Subject

,

NOTES
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POWER TRAIN & BRAKES
T he power generated by the engine is transmitted through a train of linkages to the rear
wheels where on external reaction is available
for motivation. The power train in this section
begins at the point the clutch transmits the
energy to the transmission for reduction and
rotational direction. The transmission in turn
conveys the power to the differential assembly
wh ich directions it at right angles into the rear
axle assemblies to the rear wheels and also to
the PTO shaft wh ich drives the hydraul ic pump
and provides on external power outlet.
This section also includes the broke assemblies which are mounted on the outer extremities of the rear ax le housings. These offer a
. means of control Iing rear wheel rotation both
for tractor braking purposes and for turning.

TRANSMISSION
The FergusonTransmission has forged, constant mesh, helical cut gears that provide
four forward speeds and one reverse speed.
The shifter forks are of forged construction
and pravide positive movement of the shift
collar when the shift rails are moved. De.tent pins locate in notches in the shift roils
and control the po.sition of the roils in neutral
or when in gear .
. There is a boll and pin arrangement in the
rear flange of the transm ission that acts as a
safety dev ice . When one ra i I moves, the
two bolls are pressed into notches in the other
two rails making it impossible to shift into
two gears at the some time.
In the constant mesh transmission of the
Ferguson tractor, the gears are always in
mesh but they are not spl ined to their shafts;
instead, they float. Power is transmitted
through these floating gears by sliding shift
collars which lock the gears to their respective shafts. The collars are spl ined to the
shafts and engage small teeth around the hubs

of the gears. This type of transmission is
quieter and results in less clashing of gears
during shifting. The bearings which corry
the shafts in the transmission are tightened
u!\til ' they couse a slight drag on the shaft as
it turns. This so-calledjlrEi- IOcid of the bearings assures that there will be no end-ploy in
the shafts even after they have started to
"wear in" slightly . It is necessary that there
be no appreciable end-ploy if the transmission is to shift easily and quietly and not
i ump out of gear. Too much pre-load resu Its
in hard shifting.

REMOVAL
To remove the transm iss ion:
1. Drain the oil from the three drain
plugs, transmission, hydraul ic pump and the
rear axle assembly .
2. Remove the battery .
3. Disconnect the prima ry wire from the
coil and the wires from the generator and from
the starter switch so that the wiring assembly
will be left attached to the dash .
4. Disconnect the oil line at the gouge.
S. Remove choke rod and loosen the Ubol; holdi~g governor Iinkage to hand throttle
rod.
6. Disconnect the air tube from the air
cleaner •
7. Remove the bolts holding the fuel tonk
to the rear support brocket .
8. Disconnect both radius rods at the
transmission and disconnect the steering drag
Iinks from the steering gear arms.
9. Disconnect the broke rods at their
front ends.
10. Remove both step plates .
11. Remove exhaust pipe and muffler.
12. Remove the 7/16 in . hex bolts holding
the steering housing to the transm iss ion housing and Iift off the steering assembly.
13. Remove the four bolts holding the PTO
assembly to the center housing and withdraw
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the PTO shaft. See page 148.
14. Remove PTO shifter and cover plate.
15 . Place a jack ar a support of a suitable height under the eng ine crankcase
and
,
(.
j..
a portable jack under the trans.missioi't case,
remove the bolts holding the transmission case
to the cyl inder black and sepcirate the two
~
ns. (Insert blocks between front axle
and support to prevent the 'front assembly
from tipping).

Fig. 224
16. Bolt suitable stand to the front of the
transmission housing, see Fig.224. and move
jack to the rear of the transmission housing.
17. Remove the bolts holding the transmission housing to the center housing and roll
the rear wheels back. Bolt a suitable stand
to the end of the tronsmission housing.

Fig. 225

,DISASSEMBL Y
1. Rem';ve the transmission cover assembly

a.nd~if«,9nnect starter switch , iinkage from

the '~ev~rse shifter rail.
2. Remove the lock screws from the sh ifter
forks and sel'e"c.t ors. Remove the three detent
spring~ • . Remove the shift rail stop plate at
the rea r-of "the transmission case and remove
the three sh'ifter' rails being careful not to
lose the "two steel balls and small inter.';lock
plunger "<;it ·t he rear of the transmission case.
Remove , the detents and reverse gear shifter
fork.
, '
3. I "~efnove the firstand second gear shifter fork.
4 . Remove the transmission main shaft
rear bearing retainer and pull. the main shaft.
5. Pull the main shaft from the rear. using the slide hammer as shown in Fig. 225.
Note: Be prepared to catch the 104 needle
bearings from the first-speed main shaft gear
which will fall out when the shaft is withdrawn from the rear of the transmission housing. Remove the loose gears from the case.
Remove third and fourth gear shifter fork.
Pull main drive shaft gear rearward and lift
out.
6. Remove the PTO suppart assembly. See
Page 148. The countershaft can now be removed
as an assembly. Slide the assembly back in
the transmission case until the forward end can
be' tippe~ up and lifted out through the top of
the housi ng •
'7. . Remov.e ba It-and-stop from reverse gear
shaft. Pull the shaft back arid out of the
housing and lift out the gears.
g. Remove .the clutch throwout bearing,
the clutch release bearing springs and the
clutch release' bearing hub, see Fig. 226.
9." Remove the two baits that hold the
ttutch~elease fork to the shaft and withdraw
th~ shaft ~ Remove the brake pedal (keyed to
shaft), anQ withdraw shaft.
10. Remove the cap screws from the main
shaft bearing retainer and from the countershaft bearing reta iner and lift out the retainers.
11. If either the main drive shaft gear
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Fig. 228

Fig. 226
bearing or the tapered-roller bearings are wom
or damaged and require replacing, the bearing may be removed from the shaft by inserting a bearing · spl itter between the gear and
the bearing and pressing the ·shaft out of the
bearing as shown in Fig.227. Use care in
tightening the bearing splitter if it Is desired
to save the bearing to i~stall on another
shaft. Make sure that the bearing spl itter
contacts the. inner race of the beari~g to pre~ent damage to the bearing cage. To install
the bearing on the shaft ,
the bearing

and use the speCial collar, SOT -101, and
bearing splitter to press the shaft into the
bearing as shown in Fig .228. The special collar contacts only the inner race of the bearing and prevents damaging t he bearing cage.
If it is necessa ry to replace any of the following bearing cups: PTO support bearing
cup, front main bearing cup, front countershaft bearing cup or the rear main drive shaft
bearing cup, they may be pulled from the retainer as shown in F .229 or
.

Fig. 229

Fig. 227
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Fig. 230

Fig. 232

panding type puller and a slide hammer.
To install a new bearing cup, select a
standard step plate with an outside diameter
sl ightly larger than the outside diameter of
the bearing cup, and use the step plate to
press the bearing cup into the retainer until
it bottoms in the recess, as shown in Fig. 230.
Check the condition of the main drive
shaft bearing retainer oil seal. This is a very
critical oil seal and may be easily damaged
when installing the main drive shaft. If there
is any doubt as to its condition, the seal
should be replaced while the transmission is
disassembled. Use an
type puller

and sl ide hammer to remove the old oil seal.
Position a new seal in the retainer and use
the special seal installer, SOT -102, to press
the seal in place, as shown in Fig. 232. Press
the seal in until the seal installer contacts
the face of the retainer.
Check the condition of the reverse shifter
rail oil seal. This is another critical oil seal
and should be replaced whenever there is any
doubt as to its condition. The old seal should
be removed from the housing using an expanding type puller and slide hammer as shown in
Fig. 231. To install a new seal, position the
seal on the special seal driver, SOT-103, so
that the feather edge of the oil sea I will be

Fig. 231

Fig. 233
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Fig. 234
toward the ' rear of the transm ission housing.
Place the ~i:iver and seal in position in the
bOre of the housing and drive t~e seal into
plac, . wit~ a hammer as $lloW):l ' in Fig .233.
iS'ea close
fit "in the bore -of the housThe tool
.\ '.
'1
ing an(l serVes to pilot the seal ",nto ·position •
>

.r

.~..

~

•

,-.,

1 -'"

"t,"

The clutch and brake shafts are suspended
in replaceable bushings in the transmission
housing. Worn bushings allow undesirable
slop in th~ c;lutch and brake linkage and also
allow ausf to enter the forward port of the
transmission housing. The wear in these bushings can best be determined by inserting the
shaft and feeling the amount of slop or clearance. To remove the old bushing, screw a
th readed bush i ng extractof and \lSe a sl ide
hammer to ,pull the bushing as shown in Fig.
235. To 'install the new bushing, select the
proper size stand~rd bushing driver and using
a mandrel and hammer, drive the bushing into pOs it ion as shown in Fig. 236.

Fig. 236 .
.... to di~ssemble the countershoft ass~mbly: .
1. Pull the large gear and tapered-roller
bearing with a gear pulleras shown in Fig.237.
2. Lift off the fourth gear and connector
and remove the snap ring holding the third

Fig. 237
gear to the shaft, as shown in Fig .238.
3. Lift off the bronze washer and third
gea~. Catch the 76 needle bearings.

Fig. 238

Fig. 235
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and bushing.as an assembly.

INSPECTION
While the transmission is disassembled, all
gears should ·be carefully examined for signs
of excessive wear; cracked, ch ipped or
broken teeth,
other damage tha·t might affect the operation of the transmission assembly. Any damaged parts should be replaced.

or

Clean, examine and count the needles in
the two needle 'bearing assemblies. Replace
any needles that are lost, cracked, chipped
or otherwise damaged.

Fig. 239
4. If the bearing on the end.of the countershaft is damaged and requires replacing,
remove the hex head bolt, washer and PTO
clutch hub from the end of the shaft. The
bearing may then be pulled from the shaft as
shown in Fig. 23~ or carefully driven from
the shaft with a punch. To install a new
bearing, position the bearing on the shaft
and using the special collar, SOT -104, and
bearing spl itter, press the shaft into the bearIng_ Useofthespecial collar prevents damaging the bearing cage .
In the TE transmission, the main shaft firstspeed gear and the countershaft third-speed
gear rotate on bronze bush ings. Worn bushings are serviced by replacing · the gear and
bush ing as an assembly.
In the TO-20 and TO-30 transmission, the
main shaft first-speed gear, and the counter-:shaft third-speed gear rotate on double rows
of needle bearings. Thilre are 52 needles in
each row (total 104) in the first-speed gear
and 3!;l needles in each row (total 76) in the
th i rd-speed g~ar .
The reverse drive gear and reverse idler
gear both rotate on bronze bush ings. Worn
bushings'are serviced by replacing the gear

If the bronze -bushings in the main shaft
first and second gears, or ·the countershaft
fourth gear are damaged, or severely worn
and need repla~ing, the gear and bushing
must be replaced as a unit.
Check all tapered-roller bearings and ·
bearing cups and replace any defective parts.
It is advisable to install a new oil seal on the
reverse shifter rail Clnd on the transmission
main drive shaft whenever the transmission is
overhauled. B.e extremely careful when inserting the reverse shifter rail and the main
drive shaft through their oil seals. If these
seals are cut or nicked even slightly, they
may leak, allowing oil to pass into the forward part of the transmission housing where it
may interfere with clutch operation or leak
to the ground.

ASSEMBLY
1. Replace the reverse gear assembly. Install the bronze washer with the grooved-side
facing the reverse idler gear. The washer has
a small hole whi·c h pennits locking at the rear
of the transmission housing. Install the shifter
collar with the side marked "FRONT", facing
the front of the tractor, see Fig. 240. The
beveled teeth of the reverse driver gear must
mesh with the beveled teeth on the shifter
collar. Secure the shaft in place with the
lock plate and cap screw.
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Fig. 240
2. Assemb Ie the countershaft.
a. Place one bronze washer, TO-7253 ,
and one spacer, TO-7572, on the shaft.
b. Coat shaft with heavy vaseline
around the needle bearing surface and stick
one row of needle bearings in position. Hold
needles with an elastic band that has two fine
wires attached on opposite sides.
c. Add second spoc;er, TO-7252, and '
second row of needle bearings, holding with
an elastic band with two wires attached see
'
Flg.241.
d. Add th ird spocer washer and sl ide
the third gear carefully over the needle
bea rings. Remove the elastic ,bands by pulling the wires as the gear sl idesJnto place.

.

e. Add second thrust washer and lock
;J

ring.

"

Fig. 242
. in the following order; connector, TO-7127,
coupling, TO-7106, fourth gear, TO-7121
and countershaft gear, TO-7113. Press the
roller bearing onto the end of the shaft as
shown in Fig .242.
3. Using a new gasket, install the countershaft bearing cap in the front of the transmission housing. Torque the cop screws to 24
- 28 pound-feet.
.
4. Install some sh ims under the PTO housIng a.nd bolt the housing properly in place,
torquing the cap screws to 24-28 pound-feet.
Using a pound-inch torque wrench, and a
9/16 in. socket and extension, determine the
torque required to turn ' the countershaft as
shown in Fig.243. This torque should be 7-12

Slide the remaining gears onto the shaft

Fig. 243

Fig. 241
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turrC put 'Of ph~!,! and tighten bolts enough to
~old 'countershaf,t in place, see Fig. 244 ,.;1'
> 6. Install the transmission moin;Jh{lft be~r
ingretainer ass'embly in the. ,.fro'Ot of,tlle
. ,t
transmission housing using new gasket., liot'que
~he cap ,screws to 24-28 pourid .. feeh 'If 1,:Hie
. ....
area where the seal engages t~e ; nig,i n, sliaf..~
gear i~Jough,.polish with cracus;cloH" Slip
the special' I?rotector cap over tll'ii~nd ~f~th~
main shaft gear', see Fig. 245 c;mdc.carefully·
sHde the shaft t~ rough the oil seal info place ;
in the retainer.
,iI' '~:
.~~,
. 7. To installf~e main drive shaff, p.~~
ceed as follows:
a. Coat the first gear bearing surface ,
or: the ' sliaft ' Wah heavy vase Ii ne or grease '
a'r'l'd " place ' tl'i~ two raws of needle bearings
~5-2 per" rd~)'With the spacer, TOQ063, iietween the, two rows . Hold the ' bearings 'in
positiorl'with' thil two elastic bands with wires
attached, see Fig. 246
'
",'" 'b. -Starting
at the rear of the transm1sSion{ i'nstall the following: first gec:.r,
iO"il'OO'"A, c'onnector, TO-7105, coupling,
10-7-1'06 ;rsecond gear, TO-7119-,A , and
thUd gea"r, ·" 1'O~7102. Slide the shaft carethrough the rear beari~g hole and
through the gears. As the needle bearings
en~e~nhlj! , gtla"6 the elastic bancls may be
moved by pulling the wires.
c',:;d nstci)I third and fOll,(tn gear snift
fork with lock screw to rear. Then 'i nsta'll
the fourtJt ,g,ea:r., TO-7110, with"'the offset"to l
the rear. "Using 'the sl ide hammer :'¥ith adapter screwed into the end of the main shaft as a ,
handle, push the main shaft through the gear'
~

~~

'",

<

,

Fig. 244
pound-inches on a new transmIssion';or 5-.1Q
pound-inches on a transm iss ion that ha been
"run-in". If the torque is not cor.rEl'ct., ,thO
e
PTO shifter housing wHI have to be-f emoy:ed
and the number or thickness 'Oftloe .shims ad..,
justed until the proper torque isohtained ,"
•

~

"~

!

,

NOTE: , If the tractor has a ' maghesi';ni '
transmission housing, a .002 or .003'·lri';Qsl1im
should be removed after the praper' tOl'que' h'as
been obtained.
-, .. ·'t'
5. When the main shaft bearing ' i:'etainer '
has a full flange, the f0110wing step,will 'be
necessary in order to install the main shaft
bearing retainer. When correct ~umb~r 'of,
shims have been determin.e d for the c6lintersHaft, 're~ove the PTO hou~in\!fr;lr!d turn 1/4~

Fig. 245

"

..

t.~

!

....

': '

\

>!

"

fully

re-

,'-

Fig . 246
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Fig. 247
and install the flat spacer washer. Insert the
pilot bearing in the cone in the main drive
shaft gear and seat the main shaft firmly with
the sl ide hammer.
8. Install the reverse gear and the first
and second gear shifter forks.
9. Coat the reverse shifter rail oil seal
with vaseline and carefully insert the protective cap, SDT-105 through the oil seal
from the front of the housing, as shown in
Fig. 247. Slip the reverse shifter rail, see

e
e

Fig. 249
gear shifter rail has a hole through it at the
rear for the interlock plunger, see Fig .248.
This distinguishes it from the first and second
gear shifter rail which has only an indentation for the steel ball.
Place the plunger in the hole in the third
and fourth gear shifter rail and slip the rail
into the center hole in the rear of the transmission ' housing. Slip the rail through the
third and fourth gear shifter fork and push it
into position.
11. Place the second steel ball in the passage between the third and fourth and first

Fig. 248
Fig .248, through the rear of the transmission
housing and through the reverse shifter fork.
Slip the reverse gear selector, see Fig.249,
onto the shifter rail and push the rail through
to the front of the transmission housing. Hold
the protective cap in place until the rail
bottoms in the cap, then use the rail to push
the cap out of the seal as shown in Fig .250.
10. Place the steel ball in the passage at
the rear of the transmission housing be~een
the reverse shifter rail and the third and
fourth gear shifter rail. The third and fourth
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shifter roils . Slip the first and second gear
sh ifter ra iI through the rear of the transm iss ion
housing, through the shifter fork and selector
and into position. Install the shifter roil stop
plate.
12. Position the shifter forks and selectors
and replace the lock screws and install the
lock wires.
13. Install the rear main transmission bearing cop and shims and tighten in place, torquing the cop screws to 24-28 pound-feet.
14. With all gears assembled and set in
the neutral. position, the preload on the main
shaft bearings should be adjusted by adding
or removing shims so that the torque required
to turn the main shaft is7-12 pound-inches for
a new transmission or 5-10 pound inches for a
transmission that has had some use. Use the
spec ial socket, SOT -106, to adapt the torque
wrench to the spl ined shaft, see Fig .251, or
screw a bait into the topped hole in the end
of the shaft and use a socket and extension.
15. Replace the detents and springs, the
transmission top cover, the broke shaft and
the clutch release shaft and clutch release
fork. Install the clutch release bearing hub,

Fig. 251
springs and release bearing. Install the clutch
release bearing hub, TO-7561, wit h the
heavy part of the ears down. This wi II prevent the binding action that may occur if t he
hub is ins.t alled upside down.
To make the final assembly of the t ransmission to the tractor, remove the storter from
the tractor then follow in reverse order the
steps I isted for remova I from the tractor.
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DIFFERENTIAL &
PINION ASSEMBLY
The differential consists of a spiral bevel
gearand matched pinion, a differential spider,
four differential pinions, two side gears and
the case. The side gears and pinions are
mounted inside the differential case and are
backed with thrust washers. The ring gear is
riveted to the differential gear case and ,the
entire assembly is suspended in the center
housing by two tapered-roller bearings, one
,located in each axle housing.
The drive pinion is straddle mounted, having two opposing roller bearings at the front
and a straight roller bearing at the back of
the pinion. The differential c;wl pinion as- '
sembly is shown in Fig. 252
The two tapered-roller bearings which
carry the differential assembly are lubricated
by oil splashed up by the ring gear . The oil
is caught in two troughs which lead to points
where it drips down on the bearings .

DIFFERENTIAL REMOVAL
The differential assembly can be removed
without disassembling the transmission or hydraulic system by following the steps below:
1. Drain the oil from the transmission,
hydrau l ic pump and the center housing.
2. Jack up and remove both rear wheels.
Caution: If only one wheel is raised, the
tractor weight on the one axle, without the
other axle in place to butt against, may cause
the remaining axle to slide in slightly and
damage the , oil seal, resulting in an oil leak
on the brake linings. If the right wheel is
not removed, the inner end of the axle will
tilt 4pward making it difficult to reinstall the
differential assembly.

3. Remove the lower Iink assembl ies and
the leve ling rods. Disconnect both brake
rods at the rea r •
4. Remove the left brake drum and the
six nuts holding the bearing retainer and
brake backing plate to the axle housing.
5 . Withdraw the axle shaft from the axle
hou,s ing, noting the position of the gaskets
and shims and being very careful not to iet
the weight of the axle rest on the oil seal.

Fig. 252

Fig. 253
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Remove the left-hand fender.
·6. Remo.v e the left-hand axle housing and
lift out the differential case, see Fig.253.

DIFFERENTIAL DISASSEMBLY
1. Mark both halves of the differential
case with a center punch or chisel, see Fig.
254, to insure reassembly in the same relative
position .
2. Remove the locking wire and the retaining bolts and separate the two halves of
the case. The differential pinions, spider
and side gears can then be removed.
3 . The tapered-roller bearings may be removed from the differential case as shown in
Fig.255. Make sure that the bearing splitter
contacts the inner race of the bearing if it is
desired to save the bearing. If either of the
tapered-roller bearings require replacing, the
mating bearing cup must also be replaced to
mainta in the proper preload on the bearings.
See page 141 under Rear Axle Assembly for
information on replacing the differential support bearing cups.
4. To remove the ring gear from the case,
drill the rivets and drive out with a punch.

DIFFERENTIAL REASSEMBLY
Inspect all ports of the differential as-

sembly for signs of excessive wear or other
damage. Check the bronze thrust washers
and if they show signs .of wear, they should
be replaced , as worn :thrust washers behind
the pinions and side gears will couse excessive backlash between these gears and may
also prevent the gear teeth from making full
contact. When install ing a new ring gear,
bolt the ring gear and case together with the
special bOlts provided with the new ring
gear.
Tighten all bolts everly to 83-88
pound-feet torque.
.
The reassembly of the differential case is
the reverse of the disassembly. The· thrust
washers must be replaced behind . the side
gears and pinions. Be sure that the two
halvesof the case are reassembled in the same
relationship to each other they had before
disassembly. Support the assembly as shown
in Fig .256, tighten the bolts to a torque of
47-53 pound-feet and lock in place with a
lock wire .
If either of the differential carrier bearings are removed, they may be replaced in a
press before. the two halves of the differential
case are reassembled or after finol assembly
of the case is made as shown in Fi .258. In

Fig. 254

Fig. 255
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Fig. 258

Fig. 256
either case, use the special step plate, SOT107, to press the bearing onto the 'ca,s e. The
use of this special recessed step plate permits
the bearing to be pressed onto the C(lse until
it contacts the shoulder of the case without
damage to the bea ri ng cage.
The ring gear backlash and mesh patterns
and the preload of the differential carrier
bearings are fixed and non-adjustable and are

controlled by the machining tolerances and
gaskets.
In order to measure the amount of wear
that has occurred in the ring gear and pinion,
it will be necessary to first remove the PTO
shoft and PTO shifter cover and spl it the tractor between the transmission and the center
housing, as shown in Fig.25l Removethedrive
shaft from the pinion shaft and second gear

Fig. 259

Fig. 257
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and mount a dial indicator so that the contact
point bears on a spl ine of the forward end of
the pinion shaft, as shown in Fig.259. Lock
the ring gear so that it can't move and rotate
the pinion as shown in Fig .260. The total
Indicator reading should be between . 010• 014 in.
If either the ring gear or pinion require
replacing, both must be replaced as a unit
since they are available only in matched sets.
If either a new ring gear or pinion is mated
with an old part, satisfactory operation or life
of the part cannot be gouranteed. Therefore, the customer will best be served by being supplied a matched set. Matched sets do
not require checking for backlash as this has
been accounted for in the matching process.

3. Remove the bolts securing the hydrauI ic pump assembly to the tractor and remove
.
the pump.
4. Place a portable jack under the transmission housing, remove the baits attaching
the transmission housing to the center housing
and roll the front of the tracto~ forward •
Note: Place blocks between front axle
and frant axle support to prevent the front assembly from tipping.
5. Remove the six cap screws retaining
the pinion bearing sleeve to the center housing. Pinion and bearing sleeve assembly can
now be removed. It may be necessary to
screw two baits into the sleeve to .force the
pinion assembly out of the housing, as shown
in Fig .26.1.

BEVEL PINION REMOVAL
The bevel pinion unit is removed from the
center housing as follows:
1. Remove the muffler, both step plates,
the PTO sh ifter cover and shaft.
2 . Remove the bolts from the hydraul ic
lift cover, disconnect the control fork from
the contra I valve, and remove the hydraulic
lift unit as described in the section on the
Ferguson System.

Fig. 261

BEVEL PINION DISASSEMBLY

Fig. 260

1. Remove the two pinion- bearing lock
nub,. special lock washer and thrust washer.
2. Remove the pin ion and the tapered
bearing from the sleeve assembly.
3. If only the pinion and ring gear are
damaged and ' it is desired to reinstall the
bearings on a new pinion, the tapered-roller
bearing may be removed from the pinion by
supporting the bearing in a bearing spl itter
and pressing out the pinion as shown in Fig .
262. Make sure that the bearing spl itter makes
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Fig. 263

Fig. 262
a gaod contact with the inner rQce of the
bearing <to prevent damage to the bearing
cage.
On the TO-30 pinion, the straight-roller
pilot bearing may be removed from the end of
the pinion by supporting the bearing in a gear
splitter and pressing out the pi'n ion. <
4. If the bearings are damaged and require replacing, proceed as follows:
, a. Remove the tapered be'dring from
the pin ion as i nstruc ted above.
b. TO-30-Remove the pilot bearing
as instructed above. The bearing cups are
not serviced separately and it will be necessary to replace the bearing sleeve assembly.
c. TO-20 - TE-20-The bearing cups
may be pulled from the bearing sleeve assembly using a standard puller. Pull the pilot
bearing from the hausing using a puller and
sl ide hammer. If either of the tapered roller
bearings require replacing, the mating bearing cup shauld also be replaced.

hammer to tap the TO-20 and TE-20 pilot
bearing in place in the center housing, being
careful to properly al ign the bearing with the
bore in the housing before driving in the
bearing.
3. Use the special step plate, SOT-l09,
to press the bearing cups into the sleeve assembly of the TO-20 and TE-20, as shown In
Fig .264.
4. Place the pinion in the sleeve assembly
and install the front roller bearing thrust
washer, and the two locking nuts with the
spec ial lock washer between them.

BEVEL PINION REASSEMBLY
1. Use the special sleeve, SOT -108, and
bearing splitter in a press, as shown in Fig.
263 to press the pinion into the bearing.
2. Press the pilot bearing on flush with
the end of the pinion shaft with a flat ,step
plate on the TO-30 pinion. Use a soft faced -

Fig. 264
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as far as it will go. Replace the left-hand
axle housing. Use only one manufacturer's
standard thickness gasket between the axle
shaft housing and the center housing. Replace the axles, as described under the section on "Rear Axle", wheels, lift assembly
and hydraul Ie pump. Replace the drive shaft
and connect the center housing to the transmission housing, install the PTO shaft, PTO
sh ifter 'cover, muffler and step plates and
connect the brake rods.
Fig. 265
5. Place the assembly in a vise and tighten the lock nut until a drag of 6-8 poundinches is obtained when rotating the pi'nion
shaft steadily. Use the special socket, SOT110, and pound-inch torque wrench as shown
in Fig. 265. After the proper torque is obtained, tighten the locking nut using two
spanner wrenches as shown in Fig. 266. Lock
the nuts securely withthe special lock washer.
6. Install the pinion assembly and securely tighten the six cap screws.

INSlALLA liON
Slide the differential assembly into the
center housing and onto the right-hand axle
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REAR AXLE ASSEMBLY
The rear axle assembly consisiS 6(a right.
and left hand axle housing, axle shafts, bearing retainers', bearings and oil .seals.
The axle housings are attached fo the cen.t er housing and contain the lower link pins
.which are the pull points of the 'tractor.
The axle shafts are of forged steel construction with · their inner splined end supported in the differential side gears. The
outer end ' is supported by a tapered roller
.bearing located in the bearing retainer which
is bolted to the .outer end of the axle housing.
The tapered bearing, held in plac!, by a r!,taining ring, prevents the axle shaft from
moving out. of the housing., while the inward
movement. is controlled by the axles butting
to-getheT in the differential.

O:ri the TO-30 tractor, an oil seal is in":
stalt~d in the outer end of the axle shaft
housing and the outer bearings are packed
with grease . . Jhe axle shaft must be removed
or pu II ed part ia II y out to repack the outer
bearings with· grease. The two oil seals.,. one
in the axle housing and one in the bearing
retainer, ' hold the grease in tffebearing 'retainer hous,i ng, ~eeFig. 269.
The outer bearings on the TO-20and TE-20 .
tractors, see Fig. 268, are lubricated by oil
thrown out from the differential. The oil is
prevented from going past the bearing by the
oil seal in the outer flcinge of the bearing
retainer.

REMOVAL
To remove a rear axle assembly, proceed
as follows:

1; Jack up both rear wheels and d'rain
the oil from the center housing.
Caution: It is essential that both rear
wheels be jacked-up even though only one

Fig. 267
rear axle is to be removed. If.only one wheel
is raised, an uneven weight distribution could
be concentrated ~n the axle remaining. With'
this condition. existing, any movement of the
tractor may result in damage to the oil seals
in the housings.
2 . Remove rear wheel, fender and brake
drum.
3. Remove the lower Iink assembly and
lift level ing rod. Disconnect . brake .rod at
the rear.
4. Remove the six nuts holding the bearing retainer and the brake backing plate to
the axle housing and withdraw the axle shaft,
as shown in Fig. 267, noting the positio~ of
the gaskets and shims.
5 •. Block 'IlP the center housing andremo.ve the axle housing.

DISASSEMBLY & S,ERVICING
The oil seal, bearing and bearing retainer
are held in place by a shri'rik fit between the
bearing retainer collar 'and the axle shaft. In
order to replace the oil seal, bearing, bearing retainer .or axl.e shaft, it is necessary to
first remove .the bearing retainer collar.

a

To remove the retainer collar, drill it with
in. drill and spl it with a cold chisel.

1/4
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Fig. 270
Before attempting to pull the bearing and retainer it may be some help to strike the bearing retainer collar sharply several times with
the special tool, SOT -111, as shown in Fig.
270.This may help to loosen the bearing.
The bearing and bearing retainer can then
be pulled from the shaft as shown in Fig~ 271
Once tension is put on the puller, it may help
to strike the axle sharply on the hub end.

The oil seal may be removed by tui'njng the
bearing retainer over and using the some
puller to remove the seal.
To replace the bearing cup in the retainer,
use the special step plate, 50T-112, with the
. flat side against the bearing cup as shown In
Fig. 273, and press the bearing cup in until it
seats in the bottom of the bore in the retainer.

If the bearing has been damaged and requires replacing, the bearing ·cup should also
be replaced. The bearing cup may be pulled
from the
retainer as shown in
272;

To install a new seal, position the seal on
the retainer with the feathered edge taward .
the bearing, and with the special step plate,
SOT-112, positioned as shown in Fig. 274.
Press the seal in until the shoulder of the

Fig. 271

Fig. 273
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~amage ' to

the seal before proper lubrication

reaches it.
Two types of rear axle shafts have been
used on Ferguson tractors; the butt end and
the button end. The butt end type. has a flat
end of 'approximately I 1/4 square in., the
button end has a mach ined button on the end
which provides a rounded point of contact.
When replacing an axle, install the same
type ?s the one removed.

Fig. 274
plate contacts the bearing retainer. This positions the seal correctly.

Ploce the bearing retainer housing In position on the axle shaft, drop the tapered
bearing over the end of the shaft and drive
into position using the special tool, SOT -III •
. Heat the bearing retainer collar to approximately 250 degrees F., drop it over the axle ·
shaft and drive it firmly into position against
the bearing using the special tool, SOT -III,
as shown in Fig. 270.

Before reassembly, the axle shaftshould .be
examined at the oil seal location for roughness. If the axle is not perfectly smooth, it
should be pol ished with fine emery cloth to
prevent damage to the seal. The new seal
should be thoroughly soaked in oil before installing, and the axle shaft coated' with
at the oil seal location to

If the dif,ferential carrier bearings are
damaged and require replacing, the inner
bearing cup in the axle housing should also
be replaced . The inner bearing cup can be
removed from the axle housing, using puller
as shown in Fig. 275

Fig. 275

Fig. 276

into

us-
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ing the special step p.late, SOT -113" as shown
in Fig. 276
To remove the oil seal from the TO-30
axle' housing, use a puller and set up similar
to Fig .275.
Press the new oil seal into posi,t ion, using
the special step plate, SOT-114, as. shawn 'in
Fig. 277 To remove the brake crass shaft
bushing, first drive out the expansion plug
with a drift and then drive out the bushing
using the correct size bushing ,driver. Install
thenew bushing as shown in Fig. 278 Install
a, new expansion plug. '

REASSEMBLY
Bolt the rear axle housing to the center
housing, using one new gasket· between ,the
housings. Pack the wheel bearings and Install'
the axl e in the hous ing I us i ng the sh ims removed and a new gasket between the brake
backing plate assembly and the axle housing.
Caution: Use great care when 'installing a
TO-30 axle; coat the spl ine with heavy vaselineanCl careful
it
the oil seal.

Fig. 277

Replace the nuts holding the bearing retainer and ,brake backing plate assembly to
the axle housing and tighten to 35 pound-feet
torque. With both axles in place, check the
clearance between the tWo axles. The correct clearance of the butt end axle is .002.008 in. The adjustment ,is obtained by varying the number of shims between the bearing
retainer and the axle hausing. If no clearance ,is leFt between the axles, the friction
may ,cause the axles to weld together. Too
great 'a clearance may cause damage to the
oil seals from the axles moving in and out.
A satisfactory method for obtaining proper
clearance for either the butt end or button
end 'axles is as follows:, ,
1. Remove enoU,gh shims so when one
axle is rotated, frictio'n causes the opposite
axle to turn in the same direction.
2. Then add shims in increments and follow (1) above until th~ axles do not turn together.
Replace brake drum, lower link assembly
and leveling rod. Connect the brake rod and
replace the, fender and rear wheel.
----..,---,

Fig. 278
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BRAKES
The TO tractoB are equipped · with selfenergizina, mechanically operated, double
Internal-expanding "Bendix" brake~. The
brake is 11 in • .In diameter and each Iinlng. is
121/2 in. x 2 in., giving a total braking
surface 6f 100 square In.
The brake pedal arrangement is designed
so that each wheel may be braked Individually by medns of independent brake pedals on
each side ohhe tractor, or they may be operated together by means of a single pedal on
the right side of the tractor. It also ineludes
a pawl which when engaged will lock the
brakes to prevent the tractor from railing.
The TE-20 tractors are equipped with a 14
In . diameter internal expanding, "Glrllng"
brake. The 13 1/2 in. x 2 in. linings provide
a total braking surface of 108 square In. The
brake pedal arrangement is the same as that
of the TO tractors.

DISASSEMBL Y
To remove from TO tractors:

" I, Place ·,a jack under rear of the tractor
and remove rear wheel.
2. Remove the Screws wh ich attd9h the
drum to rear axle ,hub and remove the drum. ,
3. Remove. the three spri ngs and the anchor pin brace; see ·Fig .279. Remove the two
brake shoe hold-down pins and springs, and
the broke 'adiusting screw and lift off the
,brake shoes.

If the brake linings are worn and need replacing, they may now be renewed by re- '
plac ing .t he old brake shoe with a new brake
ShCle, and bonded .brake linings. The separate,
riveted-on brake linings have been eliminated. Bonding of the lining gives a longer
life to the brake lining and eliminates damage to the 'drum by exposed rivets. The lining is bonded to the shoe by a special process
which cannot be performed by the 'Dealer.
A felt dust seal is cemented to the brake
backing plate. The only difference between
the right and left hand brake backing plate is
that the gap in the felt dust seal must always
be on the bottom. This allows any wear products from the I inings or dust to work out at
the ., bottom instead of interfering with the
brake action.
The removal and replacement of the bronze
brake shaft bush ing is discussed under "Rear
Axle Housing" .
An oversize brake-shoe and lining kit is
..available for replacement if drum . has been
worn to the extent that it will no longer operate satisfactorily with a stondard size ·brake
shoe. These shoes are .030 in. oversize on
the radius. Tlie drum must be smoothly r~sur
faced to an Inside diameter of 11 .060-11 .065
in. in order to insure proper braking action.

DUST SEAL
GAP

BRACE

Fig. '1.79

To remove the assembfy from TE tractors,
proceed as follows:
1. Place a jack under rear end and remove rear wheel.
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2. Remove the screws securing the brake
drum to rear axle and remove the brake drum.
3. Remove cotter pins from anchor pins
and remove anchor pin brace, see Fig. 280.
4. Remove the two brake spri ngs,. Remove the cotter pins, nuts and washers from
the steady pins and lift off the brake ,shoes
and the adjusting screws.
5. Lift off the brake shoe actuating cam
and unhook the lever return spring.. Note
that the return spring is connected between
the pin on the backing plate and the top hole
in the control shaft assembly.
The brak~ shoe and lining are serviced as
a unit regardless of whether the lining is
riveted or banded to the brake shoe. If the
lining is worn and needs replacing, the brake
shoe and Iining must be replaced as a unit.
Check the wear that has occurred between,
the brake shaft and bushing in the anchor
plate assembly by moving the end of the brake
control shaft. If excessive wear is indicated,
by considerable free play of the shaft in the
bushing, it will be necessary to remove the
brake control shaft and replace the bushing.
To remove the brake control shaft, loosen
the set screw in the control shaft collar,
loosen the locking bait in the linkage and
bush ing assembly and pull the brake control
shaft completely out of the assembly.
To replace the bushing, remove the two
hex nuts that hold the anchor pin and plate
assembly and the bushing assembly to the
brake backing plate. ,Replace the bushing
assembly with a new part.
The removal and replacement ofthe bronze
brake shaft bushing in the rear axle housing
Is discussed under "Rear Axle Housing". Replace the brake control shaft and tighten all
the attoching bolts and screws.
Che~k the remaining parts of the brake assembly and replace parts that are broken,
distorted or excessively worn.

Fig. 280

REASSEMBLY
To reassemble the brakes on TO tractors,
proceed as follows:
, Replace the brake shoes, the shoe halddown pins and springs, the adjusting screw
and the anchar pin brace .
Instoll the black spring to the cam end of
the top (secondary) shoe and the blue spring
to the cam end of the bottom (primary) shoe.
The red sprIng connects both shoes at the adjustment end.
Replace the brake drum and wheel, first
making sure the drum and Ilnln'9s, are clean
and free 'of grease and 011.
'
',
To reassemble fhe brakes o~/rE tractors,
proceed as follows:
,
1. install the brake shaft 'r~tum sprlng"
one end to the pin in the baciilingplafeand
one end to the top hale in the'!;ontrol sheift
assembly. Apply a sman amount of high melt-,
trig paint grease to the bearing , surtaces ' of
the cam and Install the ' cam on the control
shaft pivot pin with the stralght'edges up.
, ,2. , Position the shoes on the , steady pins
and" install the' adjusting screw ,making certain the flange of the adjusting screw Is be-
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tween the two projecting springs of the centralizer. -Apply a small amount of high meltIng point grease to the flat washers and install
the washers and hex nuts on the steady pins.
TIghten the hex nuts against the washers until
the washers can just be rotated with the fingers and lack the nuts with cotter pins.
3. Install the brake shoe springs, the short
spring at the adjusting end of the shoe and
the long spring at the cam end of the brake
shoes. Install the anchor pin brace and secure it with cotter pins. Check the 'a ction of
the brake pedal to see that everything ';orks
freely, then replace the brake drum, attaching screw and rear wheel.

ADJUSTMENT
Ta adjust the brakes on a TO tractor, proceed as follows:
1. Jack up both rear wheels and remove
the cover from the adjusting hole in the backIng plate.
2 . Using a screwdriver, as shown in Fig.
281, tum the adjusting screw star wheel counterclockwise, when viewed from abave, until
a drag is felt as the wheel is turned then
back off the star wheel until the wheel rotates freely.
3. Check the adjustment of the master
brake to see that bath brakes react evenly.
ThIs should be done by driving the tractor on
level ground and applying the master brake.
If the broke Iinkage is correct, the troctor

Fig. 281

will come to a stop in a straight line. If it is
not correct, the .tractor will pull to the side
with the shorter linkage. Shorten the longer
brake I inkage by adjusting the clevis on the
brake rod. Both brake Iinkages should have
a small amount of free play before the brakes
are applied, so care must be taken not to get
them too tight.
Note: Be sure the I inkage and bushing assemblies are lubricated and are free to rotate
on the stop .and shaft assemblies.
When new linings are installed, it is ne:'
cessary that the linings be "burned-in" to insure maximum braking performance and longer
braking life. To "bum-in" new linings, proceed as follows: '
1. Jack up bath rear wheels.
2. Start the tractor engine, shift intosecond gear and lock one wheel with the turning brake.
3. Asthe opposite wheel rotates, partially
apply its turning brake and continue this procedure until the brake drum is too warm to
touch. Repeat this operation to "burn-in"
the opposite brake.
4. Let the brake drums cool and make
final adjustment as outlined above.
To adjust the brakes on TE tractors:
1. Jack up both rear wheels . .
2. Make sure all shofts and pins work
freely. . Check to see when the brakes . are
disengaged, the brake pedals are against
their stops.
3. Loosen the central izernut . "B" as
shawn in the insert in. Fig. 281. Turn the .adjustershank until the shoes are fully expanded
in the drum and the wheel is locked. Tighten the central izer nut and then loosen the
adjuster shank until the wheel is just free to
turn ·without drag .
. 4. Check the adjustment of the master
brake as .outlined in the TO adjustment . .
5. Be sure the Iinkage and bush i ng , assemblies are lubricated and free to turn on
the stop-and-shaft assemblies.
6. "Burn-In" new linings as outlined under TO adjustments.
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POWER TAKE OFF
Drain the oil from .the hydraulic system,
transmission and differential and remove the
PTO assembly.
After - removing the four retaining cop
screws, the PTO assembly should easily sl ide
from the center housing. If difficulty is encountered removing the shaft, this Is on indi-__
cation that the shaft is either bent or twisted.
Do not attempt to force the shaft out- with a
pry bar or any type of puller, as considerable
damage to the hydraulic pump can result from
such oct Ion.
If the PTO shaft assembly cannot be withdrawn easily from the housing, it is very
likely that a twist has occurred in the splined
portion of the shaft between the hydraulic
pump and the PTO assembly. To determine
the exact nature of the trouble It will be necessary to split the tractor between the transmission and the center housing. This will expose the front end of the PTO shaft.
If the shaft has only a slight twist it may
be possible to -grind away a portion of the
spllned area of the shaft with a portable
grinder-enabling it to pass through the hydraulic pump. However, it may be easier to
either cut or burn through the PTO shaft just
back _of _the pump, disconnect the control
valve and drop the hydraulic pLmp.

Fig. 282
2. Remove the large internal snap ring
from the inside of the PTO housing, as shown
in Fig ;282 and with a lead hammer, carefully
drive the PTO shaft, bearing and sleeve from
the housing.
3. Inspect the bearing and if it requires
replacing, remove the snap ring from the end
of the shaft and supporting the bearing in a
bearing splitter, press the shaft out of the
sleeve and bearing as shown in Fig .283. Place
the flat side of the bearing splitter next to

Note: The shaft cannot be removed from
the pump toward the front, it must be pulled
out toward the rear.
Regardless of how the shaft was removed,
the center housing and all component ports
should be thoroughly cleaned -before reassembling the tractor.
To disassemble the power take-off shaft assembly:
1. Remove the PTO cop from the end of
the shaft .

148

www.ntractorclub.com

Fig . 283

POWER TRAIN .. BRAKES

Fig. 284
the bearing and tighten It so that it contacts
the inner race of the bearing to prevent damage to the bearing.
4. To replace the bearing and sleeve on
the shaft, place the shaft in the bearing splitter so that recessed side of the bearing spl itter jaw contacts the shoulder on the shaft.
Tighten it firmly in this position. Place the
bearing and sleeve in position and use the
spec ial sleeve, SOT -115, as shown in Fig.
284 Press them on to the shaft until the bear- .

Fig. 286
ing contacts the shoulder. Replace the snap
ring on the shaft.
5. To replace the oil seal, use a No.9
step plate, as shown in Fig. 285, to press out
the old seal, pressing the seal toward the
outside of the ' housing. Make certain that
the step plate clears the snap ring still in the
housing;
Use the special seal driver, SOT -116 and
mandrel, as shown in Fig. 286 to press in the
seal. Position the seal in the housing so that
the felt dust seal is toward the outside and
the feathered edges of the oil seal are toward
the inside.
'6. To reassembl the shaft in the

e

Fig. 287

Fig. 285
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have the bearing and sleeve in position on
the shaft and the oil seal in place in the
housing. Place the speciol protector, SDT117, on the end of the shoft as shown in Fig.
287and carefully push the shaft through the
seal into position in the housing • . Remove
the protector and reploce the snap ring that
halds the bearing in place.
7. Replace the PTO cap and install the
PTO shaft in the tractor.

PTO SHIFTER
The power take-off shifter assembly is
bolted to the rear wall of the transmission
housing. It carries the race of the rear roller
bearing which supports the transm iss ion countershaft. Shims between the shifter housing
and the transm iss ion housing are used to adjust the end play of the countershaft. The
end of the countershaft protrudes through the
wall of the transmission housing into the
shifter housing. To this end of the shaft is
attached a splined hub. A splined sleeve
slides on the PTO shaft and may be shifted
forward with the PTO shift lever until it
couples the PTO shaft directly to the countershaft. If any trouble is encountered in the
PTO shifter assembly, it will be necessary to
separate the tractor between the transmission
and the center housing, see Fig .288. The assembly is then exposed and may be removed
for servicing by merely removing the four cap
screws which attach it to the transmission
housing.

Fig. 288
To disassemble the unit , remove the nut
and washer which secures the shifter rail stop
to the shifter rail and withdraw the rail.
Catch the lock ball and spring. The clutch
sleeve may be removed by pull ing the bearing race with a puller or by removing the
snap rings and ball bearing from the rear-end
of the housing .
'
Carefully inspec t the gears for broken or
severely worn teeth . In spect the ba II bearing
and the roller bea ring race . Replace any
parts wh ich seem to need replacement and
reassemble the unit in the reverse order of
disassembly . The unit should be attached to
the transm ission housing as described in the
Transmission section.

150

www.ntractorclub.com

POWER TRAIN

& BRAKES

SPECIFICATIONS
TRANSMISSION
Type • • •

• • • • • • • • • • • • Constant Mesh

GEAR RATIO
First •
Second
Th ird •
Fourth.
Reverse
OIL CAPACITY
Hyd. System & Diff.

1
1
1
1
1

to
to
to
to
to

4.29
3.11
2.26
1.08
3.71

• • • • • • • • • • • • • • • • • • • • • • 6 gal.

BEARING PRE-LOAD
New Transm iss ion •
Used Transm ission •
Magnesium Transmission Housing
DIFFERENTIAL
Differential Carrier Bearing Pre-Load

7 -12 pound-inches
5-10 pound-inches
See Text

... ... ... . . ... .

Not Adjustable

PINION
Pinion Bearing Pre-Load.
Ring Gear to Pin ion Backlash.

6-8 pound-inches
.010-.014 in.

TORQUE
Bearing Cap Screws. • • • • • • •• • •
Differential Case Cap Screws • • • • • • •
Pinion Sleeve to Center Housing Cap Screws
Axle Housing to Center Housing Studs • • •

24-28
47-53
47-53
33-38

pound-feet
pound-feet
pound-feet
pound-feet
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CONTROL SPRING.
CONTROL LEVER •
HYDRAULIC PUMP .
HYDRAULIC LIFT. .
HIGH PRESSURE TUBE
LEVELING BOX • • •

.154
• 154
· 156
• 164
. 169
· 169
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FERGUSON SYSTEM
The Ferguson System consists of the hydroulic pump, ram cylinder, lift arms, lower
links, top link, master control spring, fingertip control lever 'CInd the control forks.
Without attempting to cover trouble shooting, which will come in a later section, outI ined here are some visual inspections and
checks which con be made on the hydraulic
system before any disassembly is begun.

CONTROL SPRING
Every six months, the control spring adjusting yoke should be removed ond the
threaded portion of the plunger lubricated to
prevent the yoke and plunger from freez ing
together. Foilure to do this may result in
damage to the forks as excessive force will be
necessary to free the yoke for adjustment.
Also, there is a possibility on TE and TO-20
tractoB of the vertical fork becoming unhooked from the control valve cross member.
With a two-bottom plow in the raised position, check to see whether you can just
turn the spring with your thumb and forefinger, see Fig .290. Adjustment is obtained
by screwing the yoke in or out of the spring.
An ideal setting results when the spring is free
to turn, yet has no end play and will not bind.

Fig. 290

CONTROL LEVER
The finger-tip control lever positions the
automatic draft control pivot point. The quadrant assembly must be properly adjusted with
regard to the control lever neutral position in
order for the automatic system to function efficiently. If the neutral point is too far up
the quadrant, the control valve will not be
able to move to full intake position, thereby,
affecting the Iifting action. If the neutral
po int is establ ished too far down the quadrant, the depth control will be shortened to
the point where it is impossible to get sufficient depth with a ground engaging implement without danger of going into overload
release. The best way to check the quadrant
setting is to place the lever in the raised position and make a mark on the quadrant at the
bottom edge of the lever . Measure down
21/2 in. from this mark and make another,
see Fig. 291. The lower, or positioning mark
may be made permanent by notching with a
file if desired. Now, starting with the attached two-bottom plow in a raised position
and the finger-tip control lever at the top of
the quadrant, move the lever down the quadrant until its bottom edge is at the lower
mark. At this point, the plow should just
start dropping slowly. If the plow doesn't
move or if it drops before reaching the mark,
you must make a new quadrant adjustment.
If adjustment is necessary, first place the
plow in a raised position and leave the fingertip control at the top of the quadrant. The
quadrant mounting plate is fastened to the
tractor body by four cap screws in slotted
holes allowing the plate to be moved forward
and bockward. Loosen these four screws just
enough so that you can move the plate as far
toward the rear as possible. Now set the bottom edge of the control lever at the lower
mark on the quadrant or 2 1/2 in. down from
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the condition. of the friction disc. Same of
the late TO~30 model tractors have a rubber
friction disc but the majority of tractors have
a cork disc. If the rubber disc causes any
binding· or sticking of the finger-tip control
lever it should be replaced with a cork disc.•

Fig. 291
its raised position .
Using a long;;. heavy
screwdriver or a pry bar esa lever, pry against
the rear center edge of the plate, so that it
remains level as it is mov,:d, and slo~ly fgrce
the mounting plate forward , unti'l "tile plow
just starts to lower, see Fig .292. Retighten
the four cap screws equally and ' repeat the
check on the quadrant point at which the
plows start to lower. Sometimes tightening
the mounting plate changes the adjustment
• and it must be compensated for.: This is most
likely to happen if you loosen the plate too
much before making the adjustment.
NOTE : If the finger-tip .. lever will not
hold its position or if there is any sticking or
binding of the lever when it is moved, check

The cork d-isc sometimes becomes permanently compressed and loses its ability to
overcome the tension exerted on the fingertip lever by the retracting spring when the
forks break out at the hinge. By carefully
increasing ' the pressure on the cork disc by
tightening the castillated nut slightly, it will
usually function correctly again, see Fig .293.
If adjusting ,the pressure on the cork disc does
n~t corrl!i:t the action of the finger-tip lever,
it' will be necessary to replace the disc.
Avoid excessive pressure on the disc because
it will result in premature breakdown of the
cork granules, in which case a nE!W disc must
be installed.
The Iinks should I ift a two-bottom plow
with a smooth upward motion. When the plow
has reached the top of the lift and the engine
is shut 'off, the plow should not drift down to
the ground in less than fifteen minutes. If the
system will meet these conditions, you may be
sure the ram cyl inder, piston and rings, the
oil tube and the' check valve are in goOd condition and the c'o ntrol valve is not leakrng. If
the plow drifts downward too quickly, ;J~'"

Fig. 292

Fig. 293
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into the housing with the aid of a light.
Leaking from the ram cyl inder or the oil tube
will be apparent. Leakage from the check
valve or fram the control valve may not be
apparent. The chances are, however, that
the relief valve is ,held- open by a bit of dirt
lodged under the valv'e. This,dirt may often
be blown free by hooking the rear tractor lift ,
links under an immovable object and starting
the pump, thereby, overloading the hydraul ic
system.
If the system will pass the foregoing tests,
place--500 pounds on the cross -shoft of the
plow (300 paunds for a TE-20 tractor) and
raise the finger-tip control. If the system
will raise the load, the pump pistons and
valves, and the relief valve may all be considered satisfactory. However, if this load
cannot be raised, look into the housing once
again. Oil escaping from~the relief'valve
will probably be apparent, th~s indicating a
dirty or damaged relief valve .
If a suitable gauge and adapter are availdble, see Fig. 294, the maximum operating
pressure may be checked at this time. The
'relie{ va,lve on the TO-30and TO-20 pumps
is set to relieve at 1900-2300 PSI. The rei ief

valve on the TE-20 pump is set to rei ieve at
1500-1900 PSI. If the maximum operating
pressure of the Hydraulic System is not within
these limits, a new relief valve should be installed. Do not attempt to adjust the relief
valve, always replace a defective valve with
a new one . A relief valve which relieves at
too low a pressure will not allow the system
to lift its rated ca~city, while a relief valve
that allows the system to operate at a pressure abave the specified Iimits will definitely
cause greater wear on the moving parts and
may result in blown gaskets or broken parts in
the pump :
If making the corrections, indicated by
these checks, does not cause the system to
give satisfactory results, the internal parts of
the pump are probably worn or damaged and
it will be necessary to remove the pump.

HYDRAULIC PUMP
The hydraulic pump unit is located in the
forward pasition of the center housing and is
driven by the forward splined end of the
PTO shaft.
The transmission lubricant is the operating
fluid for th-,e hydraulic system.

REMOVAL
To remove the hydraulic pump:
1. Drain the oil from the transmission,
hydraul ic pump and center housing.
I
2,. Remove the PTO shaft.
Note: After removing the four retaining
cap screws, the PTO shaft should sl ide out
easily. If the PTO shaft cannot be removed
by hand, this indicates a bent or twisted
shaft. Never attempt to remove the PTO
shaft by using a puller. Severe damage to the
hydraulic pump may result. See page 148 for
the proper removal of a damaged PTO 'shaft.

Fig. 294

3. Remove the inspection covers from
each side of the, center housing.
4. Working through these openings, loos-
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Fig. 295
en the bolts holding the stabilizer to the fork
and spread the ends of the control fork sufficiently to remove the control valve cross
arms. Atool which will da this job easily is
available, see Fi g. 295. After the fork is
disconnected, push the control valve all the
way forward.
5. Remove the cap screws holding the
pump base to the center housing and remove
the pump by sliding rearward then lowering
gently.

the p i~ton drive assembl y out of the pump
body. Note the positions of the parts.
5. Remove the gu ide rods. Remove the
set screw that lacks the asci lIator fork and
pin assembly in position and remove th'e fork.
6. Remove bronze bushing from rear of
pump body.
7. Remove the safety valve, check valve
and shield.
8. If necessary, the control valve bushing
can be pressed out of the pump housing by using the special bushing driver and mandrel,
SOT -121. Make sure that the pump housing
is properly supported and is setting square
with the press base, to prevent damage to the
pump housing.
9. 0 isassemble valve chamber sub-assembl ies as follows:
a. Remove loosened cap screws and
clamp.
b. Remove valves and springs by inverting chambers and tapping I ightly on a
piece of wood . It may be necessary to use
long needle-nose pliersto remove guide rods.
The guide sockets may be removed from the
bottom of the valve chamber with a sharpened piece of wood dowel or a pencil with
the lead broken off. Wedge the tapered wood
into the socket and gently pullout socket.
10. Disassemble control valve and stem .

DISASSEMBL Y

INSPECTION

The disassembly and assembly procedure is
basically the same for the pumps of the TO30, TO-20 and TE -20 . If the part mentioned
in the service outl ine is not present in a particular pump, proceed to the next step.

Wh ile the pump is disassembled, all parts
should be carefully inspected for signsof wear
or other damage. Thoroughly clean and inspect the bearing surfaces of the cam and the
cam blocks for evidence of scoring or excessive wear. If the bearing surfaces show any
rough or worn areas, the damaged partsshould
be replaced. If the visual inspection shows
the parts to be in good condition, place the
cam blocks in the proper position on the cam
so that their flat sides will be next to each
other and check the clearance between the
cam and cam blocks by inserting a feeler
gauge as shown in Fig. 296.
Check the
clearance at a minimum of four places around
the diameter of the cam. If it is possible to

1 . Remove the control valve assembly.
2. Loose n, but do not remove , the cap
screws holding the valve chamber clamp to
the top of each pump side plate.
3. Remove the four cap sc;,~ews from each
side of the pump and remove the valve chambers. If necessary , use a soft face hammer ta
loosen the chambers .
4. Loosen the set screw that positions the
oscillator fork and' pin assembly. Slide the
fork assembly forward as far as possible . Lift

157

www.ntractorclub.com

FERGUSON SYSTEM
imum clearance of .006 in. and a minImum
of .003 in. on new parts. If the cam blocks
have an inside diameter at any paint that exceeds 2.005 in., the blocks should be replaced.

Fig. 296
insert a' .010 in. feeler at any point, the
clearance between the two parts is too great
and it will be necessary to determine how
much each part is worn. To do this, proceed
as fallows:
The cam is finished to an outside diameter'
of 1.995-1.997 in. and case hardened to a
depth of .025- .035 in. Measure the diameter
of the cam at several locations with a suitable micrometer, as shown in Fig. 297. Move
the mic rometer 90 degrees on the cam to determine if the wear has been uniform or if the
cam is worn out-of-round. If the diameter of
the cam at any point is less than 1.993 in.,
a new cam should be installed.
Carefully measure the inside diameter of
the cam blocks with a telescoping gauge and
suitable micrometer as shown in Fig. 298..
The cam blocks are finished ta an inside diameter of 2.000-2.001 in. This allows a max-

Fig. 297

To check the clearance between the cam
block and the piston assembly, place the piston assembly on the cam block with the side
of the piston assembly toward which the piston
is offset next to the flat side of the cam block
and insert the feeler gauge as shown In Fig.
299. If a .010 in. feeler can be inserted the
clearance is too great, and it will be nec'e ssary to check both parts to determine the
amount of wear.

Fig. 298
The parallel faces of the cam block are
finished to ,2.244-2.247 in. and should be
measured with a suitable micrometer as shown
in Fig. 300. If the distance between the
parallel surfaces is less than 2.242 in., the
cam block should be replaced.
The distance between the parallel inside
faces of the piston assemblies 'is 2.249-2.252
In. This allows a maximum clearance of .008
in. and a minimum of .002 in. with new
parts. Measure the distance between the
parallel surfaces in several places with an
inside micrometer; see Fig. 301. If this distance 'exceeds 2.254 in. at any point, the
piston assembly should be replaced. If either
the cam block or the piston assembly or both
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Fig. 299
are replaced, the clearance should again be
checked with a feeler gauge.
Fig. 302
The pistons are finished to a diameter of
.800- .8Q1 in.' and should be measured with a
suitable . micrometer, as shown in Fig. 302.
The pistons should be measured in several
places to determ ine if they have worn either
tapered or out-of-round. If the diameter of
the piston at any point is less than. 799 in.,
the piston assembly should be replaced.
The cylinder in the valve chamber is finFig. 300

Fig . 301

Fig. 303
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Measure the inside diameter af the cylinder
at several paints with a telescoping gauge
and -a mic.rometer as shown in Fig. 303. If
the diameter of the cyl inder at any paint
should 'exceed .804 in., the valve chamber
should be replaced.
Carefully measure the inside diameter of
the bronze bushing with a telescoping gauge
as shown in Fig. 304. The bushing is finished
with an inside diameter of 1.182-1.183 in.
If the bushing is worn so that the inside diameter at any paint exceeds 1.184 in-" the
bush
should be repllaCE!d

Fig. 304
Place the osc illator drive assembly in Its
proper pasition in the fork assembly as shown
in Fig. 305. 51 ide the drive assembly back
and forth several times and deteim ine if the
drive is free to move in the fork assembly
without binding or sticki'ng. - Any binding
between these parts will cause the control
valve to stick. If any binding is present, the

square end of the drive assembly should - be
Iightly dressed with a fine cut file or emery
_c loth until the binding has been eliminated.
Check all ,tbe valves, valve seats and
valve springs for signs of damage or wea'r :
R~place;-any parts that appear to be worn or
dania-g~befor'e the pUmp is assembled.

REASSEMBlY
1. If the control valve bushing has been
pressed out, of pump body, it will be necessary to install a new bushing. Be sure the
bored bushing hole in the pump body is clean
and free of any scoring or nicks. Lubricate
the outside of the bushing Iightly with petroleum jelly. Using a spec ial arbor, press the
bushing in until the outer end is just flush
with the finished surface of the pump. Be
sure the pump bose is square with the arbor
and that the centerl ine of the two large holes
in the bushing is parallel with the pump bose.
Note: Make sure that the pump housing is
properly supparted and is setting square with
the press bose to prevent damage to the housing. Use the special bushing driver and mandrel and press the bushing in as shown in Fig.

306.

'

Fig. 306

Fig. 305
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2. Reassemble valve cham.ber sub-assem:'
bly as follows:
a. Place guide in socket.
, b. Assembl~ to the guide in the order
given, the Inlet valve, inlet valve spring and
outlet valve.
c. Pick up the valve ~~mber in one
oth~f.
hand and the above assembly' '~in',th,
.
With the openings to the valve, c,~I:ir!.i~r .Jiglitr
Iy be low horizontal, insert artl :s~t. the 'val¥e
guide socket into the bottom' qf;, tl:i~1>;; ~~
chamber. Insert other guide'~S$'mbl;:
in'iilii.
f, • . '-',;lliar manner, see Fig. ~7. '"
ci'if;','
\

,~ . .

~

~

J

,

Fig. 307
d. Insert autlet valve spring.
"
e. Replace caps, clamps and 'cap
sc rews. . 8e .sure to use a new :Oa,sket under
the cyl inder caps . (Tighten cap' . ;ews later).
3. Place the bronze bushi"9Jin the pump
body 'so that the flanged end of the bush ing, is
toward the inside of the pump body. Replace ,
the fork and pin assembly and leave the set
scr~ loose, see Fig. 308.
4 . Insta II the gu ide rods.
5. Reassemble the piston and piston,drive
assembly.
'.
'
a. Place the two cam blocks, on the
cam so that their flat sides wUl be next to

Fig. 308
each other, see Fig. 309.
b. Note that the pistons on the piston
assembl ies are offset slightly. The side of
these assembl ies toward which the pistons are.
offset is placed next to the flat side of the
bronze cam blocks.
c. Check the assembly by inserting the
two pistons in the two cyl inders in one of the
valve chambers, if they can be inserted in
cylinders, , piston assemblies are correctly
placed on the cam blocks, see Fig. 310.
,
6. Note the recess in one end of the
cam. The bronze bushing, installed in Step
3, fits into this recess, see Fig. 311. Replace the, piston and piston drive assembly in

Fig. 309
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Fig. 310
the pump body being sure that the recessed
end of the cam is toward the back of the
pump body. Position the fork and pin assembly and tighten the set screw.
7. Hold the assembly in position and replace one of the valve chamber assemblies.
Use a new gasket.
8. Replace the other valve chamber assembly and cap screws, tightening to SO-55
paund:-feet.
Note: On the TO-30, the longer screws
go on through the rear hales or thick side of
the side plate.
9. Replace the safety valve and shield.
lighten the safety valve and pipe plugs in the
valve chambers securely. . lighten the valve
chamber clamp cap screws to 50-55 poundfeet torque. This is easily done by clamping

Fig. 311

Fig. 312
the pump to a work bench as shown in Fig.
312.
10. Install the control valve. Reassemble
control valve and stem. The key inside the
valve which connects the oscillator wire
should be in a vertical position.

INSTALLATION
Always use a new gasket between the
pump base and the center housing. Fit the
pump into the hausing. (I{one man is doing
this operation, the pump can be raised and
held in pOsition on a hydraul ic floor jack).
Put cap screws in pface finger-tight. Now
the PTO shaft is to be installed, using a new
gasket. Start tractor eng ine and operate the
·pump for a few seconds. This allows the
pump to shift 51 ightly and serveS to properly
align pump spl ines, with those on pTO shaft.
Do not. 'o perate. pump any longer than necessary when th~re ' is no oil in system as costly
dorncige may result. Now tighten pump base
'c ap screws 'to 38-45 pound-feet of torque •.
Working thro.ugh the inspectionports.Clt~
tach ithe verticalfodc to the .cantrol valve
cross' member. Check to see that the fo~ fegs
are properly seated' in the stabilizer flanges
then.tighten the cap screws . Replace the in-
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.spection plates using new gaskets.!' Tighten
the drain plugs and fill the system ,w"itFi the
proper grade of recommended.·type oil.. _

MODEL

DIFFERENCE

Functionally the Fergusori Syst-eri;!. ~i~<r tl1e
TO and TE tractors is the same'. '" d:iffete~i:e,
however, does exist in the relief valve. The
TO systems operate at approximately 2300.PS"1
while the TE systems are limited to 1900 .psi .•
Several of the Ferguson System parts were
strengthened to withstand this increased pressure and these weaker TE parts should' never
be used to service TO tractors.
Caution: Never install the TO-638-;b, reIief valve in a TE tractor, (prior to Serial No.
83271
. 313.

Fig. 31"4
tractors differ only in the 'Iength of one cam.
T~eTO-6' 8-:Acam was extended to contact
the fOrk which oscillates the control valve~
It Is ' uSea in the TO-604-A base ass~lily .Ijir
use with the oscillating ' contralvalve. 'F6r
tracto" (10-20 and TE-20) not equipped with
the 'OScillating control valve, the TO-618
cam is used with the TO-604 base assembly.
Do ~ot attempt to interchange these parts •
. Phdsphorbro'nze cam blocks, Part No. TO612, are now used in production pumps. Four
'dIfferent' ty~ cam block materials hove been
used in t he past. These are pho-Sphor bronze,
sinteret! iron, sintered bronze and ParcoLubrited, however, the phosphor bronze cam
blocks are to ·be used to service all pumps.

,

Valve chamber assemblies are not interchangeable in the two model pumps. Use the
TO-621 and TO-622, left and right hand assemblies to service the pumps used in the TO20 and TE-20tractors, see .Fig. 314. Use
the TO-62i-A and TO-622-A assemblies to
service the TO-30 pump. The component
parts of the various assemblies, except the'
valve chamber and valve chamber to pump
housing ' gaskets, are ·interchangeable in all
assembl ies.
Piston assemblies TO-615 are used in all
pumps.
The cams for the TO-30 and TE and. TO-20

. The .followlng differences should be nOted
In. the· pumps used in the different model tra~tors, ~e"Fi9. 31'5 and Fig. 317.
.
.
1. The vertical control fori< used on the
TO-30 has a stabil izer which fits over the
PTO shaft. This stabil izer is not used on the
TE-20 or TO-20.
2. TheTO-30 pump makes use of an oscillating control valve. The following parts
were odded to thll pump and will not be found
in either the TO-20 or TE-20. .
TO-691
'.Oscillator DriveAssembl y
$..:10152
Internal Ring
TO-695
Tab Washer
TO-697
Set Screw
TO-688
Fork and Phi Assembly
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Fig. 315

Fig. 317

3. The TO-30 safety valve is provided
with a metal baffle which is not used in either
the TO-20 or TE-20 models. Two typec of
baffles have been used. They both serve the
same purpose and are shown in Fig. 316. The
cup type is preferred since it is less apt to
cause interference during assembly.
4. The valve chamber to pump base gaskets used on the TO-30 pump are' small 0rings fitted into grooves around the discharge
ports. The TO-20 and TE-20 pllmps make use
of a flat gasket between the v~lve chamber
and pump housing, see Fig .314. Always use
new gaskets when assembling the pump.

with a jack or chainfall and allow some of
the oil to run forward into the transmission to
prevent leaking when the side cover plates
are removed.
1. Remove the tractor seat, PTO shifter
cover and the oil level indicator caver.
. 2 . Working through these openings, remove the two cap screws retaining the fork
stabilizer to the control fork and remove the
stabil izer. Spread the control fork and release the lower ends of the fork from the control valve.
3. Disconnect the level ing rods from the
11ft arms .
4. Remove the clevis pin .connecting the
hydraulic lift spring' control plunger to the
hydraul ic lift rocker.
5. Remove the cap screws retaining the
hydraulic Iift cover to the center housing and
remove the hydraulic I ift and ram assembly.

DISAS.SEMBL Y

Fig. 316

HYDRAULIC LIFT
The Iift assembly can be removed from the
tractor without draining the oil, if only the .
ports of thi~ assembly are to be serviced. It
is advisable to lift the rear end of the troctor

1. Remove the four cap screws retaining
the lift control quadrant to the lift cover and
remove the lift control quadrant assemb,l y.
2 . Remove the two cap screws from each
end of the hydraulic lift shaft, remove the .
retaining washers and Iift arms and withdraw
the shaft.
.
3. Remove the I ift fork retracting spring
. and the four bolts attaching the ram cyl inder
to the lift coverand remove the ram cyl inder.
4. Remove the cotter pins and clevis pins
attaching the hand control fork to the spring
control fork Clnd remove the hand control
fork. Remove the ram arm and connecting rod
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Replace any' cylinder that shows signs of
wear. If the cylinder is in good ·condltion,
carefully measure ,the inside diameter with an
Inside micrometer"
see Fig. 319~. This shaald
. .;-<.
'I;>e done a~C.,!~er~1 locations to.termine the
amount df[,~r. ' The new cyl inde,r is finished
to an in iHti Aiqmeter of 2.500-2.501 in. If
,the in'sict~tdicihl,eter at any polrit is more tha~
, 2.>'50'3; in ; , 'th:e,\:yfinder should be replaced. '
~.

Fig. 318
,from the cover.
,
5. Unscrew the hydraulic.!ift yoke from
the hydraulic Iift spring conJ[ql' plunger. Re:move the three cap screWS' tr9m rfprlng seQt
support and ~emove the spring,~' spacer, spring
,seat, spring seat support, felt seat a"d pl,a te.
· 6. Remove the cotter pin and clev is pin
holding the spring control fork to the spring
plunger and both ports can be removed.
7. The hand control fork can be further'
disassembled by removing the clevis pins.
8 . The hydraulic ram piston may be removed from the cyl inder by jarring the assembly on a wood block or by ~Ing compressed air to force the piston out, see Flg.318 ~
9. The lift control quadrant assembly may
be disassembled by removing the cotter pin
and slotted nut from the end of thecontiol
lever shaft. ' The lift control friction plate is
keyed to the shaft with a woodruff key "

, Fig. 319
To determine the amount of wear on 'the
hydravl ic piston rings, remove the rings with
a piston ring 'remover, as shawn in Fig. 320,
and insert the r-ing in a new cylinder. Use
the piston to push the ring dawn, into thecylinder bore to make ,sure the ring ,is square in
the bore, see Fig. 321. Measure the ring

INSPECTION
Even though the ram cylind,e r' may not
,show leaks when tested as outlined in the
preceeding section, it shauld be checked for
wear whenever the 11ft cover assembly is removed.
Thoroughly clean and inspect the ,ram cylinder for visible signs of wear or scoring.

Fig. 320
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of rings whenever either the cyl inder or the
piston is replaced with a new one.
To determine the amount of wear on the
piston, carefully measure the outside diameter at several points with a micrometer,
see, Fig. 323. The piston is finished to an
outside diameter of 2.497-2.498 in. If the
diameter of the piston" at any point is less
than 2.496 in., the piston should be replaced.
The bearing areas of the hydraulic lift
shaft are finished to a diameter of 1.9961 .998 in. The diameter of the bearing areas
should be checked with a micrometer whenever the unit is disassembled, see Fig '. 324 .
If the diameter at any point becomes less than
1 .994 in., the shaft should be replaced.

Fig. 321

Fig. 322
with a feeler gauge as shown in Fig. 322.
The rings are manufactured so that the ring
gap is .003-.008 in. when the ring is inserted
in a 2.500 in. cylinder. If the gap of the
ring when measured in a new cylinder is more
than .010 in., the rings shouJd be discarded
and replaced. Regardless of the condition of
the old rings, it is advisable to use a new set

Fig. 323

Fig. 324
The hydraulic lift shaft bushings are finished to an inside diameter of 2.001-2.004
in. and an outside diameter of 2.370-2.372
in. Measure~ both the inside and outside diameter of the bushing, see Figs. 325 and 327.
If the outside diameter is less than 2.368 in.
or the inside. diameter is more than 2.007 in.,
the bushings should be replaced. Service
bushings are available either as one long
bushing for each side of the shaft, or two
short bushings for each side. Use whichever
type bushing is available.
The bushing bore of the hydraulic lift
housing is finished to a diameter of 2.3742.375 in. The inside diameter should be
measured with an inside micrometer to determine if any wear has occurred in the bore of
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Fig. 325

Fig. 327

the housing, see Fig . 326. If the diameter
of the bore is more than 2.376 in . , the housing is unfit for further use and should be re·
placed.
.,

p.ort shut off position. If there is any indicatlO!) that thh plate is buckled, it should be
replaced.

REASSEMBLY
Warning: The bushings used on the hydraulic lift shaft are oil impregnated and require
no additional lubrication. Coating the bushing, shaft or the bore of the lift cover with
oil or grease will only serve to collect dirt
and greatly increase the wear' on these pa'r ts.
Examine the friction disc while the control
quadrant is disassembled' and i'nstall a new
one if the old one is cracked or badly worn.
Check the hydraulic lift cover plate, TO, 541, to make sure it is in good condition. A
slight buckling of this plate will change the
fork pivot paints and result in a higher trons-

1. Place the lift spring control fork and
the control spring pi unger in the I ift cover,
as shown in Fig. 328, and fasten them toge,t her with the clevis pin.
2. Replace the ram arm, connecting rod,
hydraul io I,ift shaft and bush ings. DO NOT
LUBR ICA TE the shaft or bush i ngs • Note the
"Blind" spline that locates the shaft in the
ram arm.
3. Place the plate, felt seal, spring seat
support, spacer and control spring on the control spring plunger in that order and replace
the hydraul ic lift yoke. Replace the cap

Fig . 326

Fig. 328
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Fig . 331

Fig. 329
screws in the spring seat support.
4. Install the hand control fork so the reinforcing plate is toward the rear of the unit,
as shown in Fig . 329 . Secure it with the
clevis pins and cotter pins.
5. Stagger the ring gaps on the piston at
least 90 degrees apa rt . Using a ring compressor, replace the ram piston in the ram
cylinder as shown in Fig. 330.
6. Using a new gasket, bolt the ram cylinder in position in the cover. The TO-20
and TE-20 liftcover assemblies use a flat gasket and two spacers between the Iift cover
and the hydraul ic cylinder. The TO-30 as-

sembly uses a single O-ring gasket and no
spacers are required, see Fig. 331., When
installing the ram cylinder make certain that
the ends of the spring control fork enter the
holes in the ram cylinder as shown in Fig.
332. Tighten the ram cylinder retaining bolts
just snug as it will be much easier to torque
these after the assembly is in place on the
tractor, see Fig. 333.
7. Place the I ift arms on the Iift shaft,
note again the "Biind" spline that locates the
Iift arms on the I ift shaft. The arms are identical and may be installed on either side.
' Replace the washers, locking clips and cap
screws . Tighten the cap screws on one side
securely and adjust the other side until the
lift arms will just fall of their own weight.
Always bend cl ips over heads of screws to
lock them in position .

•

Fig. 332

Fig. 330
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7'draioed~fdre starting the work.

Adjust the
quadrant _setting and the control spring as
outlined on page 154 .

HIGH-IHlESSURE TUBE

Fig. 333
8. Assemble and install the lift cont.rol
quadrant, place the quadrant control shaft
behind the hand control fork and tighten the
retaining cap screws. Install the fork retracting spring.

INST ALLA TlON
With the hydraul ic pump and PTO shaft in
place, position a new I ift cover to center
ho~sing gasket on the center hausinll 'ane!! in'stall the lift cover assembly. Workirig tHrough
the sJde openings, attach the control t'oi'k:to
the pump control valve. Replace the fork
stabil izer and tighten the cap screws. Replace the lift cover to center housing cap
screws and tighten them down evenly. tHing
a torque wrench, tighten the cap screitfs to
38-45 pound-feet. Torque the ram cylirider
retaining bolts to 45-50 pound-feet.
Attach the leveling rods to the lift arms
and the lift spring control plunger to the lift
rocker. Using a new gasket, replace the side
cover plates. Replace the drain plugs and
fill the system with a straight mineral gear
oil, SAE 90 fOf operating temperatures above
50 degrees or SAE 80 for operating temperatures below 50 deg rees F., if the-system Was

- • '1'he<high pressure oil tube is located at
the forward .. rii'ght side of the center housing.
It "is\'removed: by first removing the lift as-sembly , and PTO shifter cover and working
through both openings. It will be necessary
"to -collbpse ,the ,' tube at its mid-section and
drive upward until the top end is free. Install cf rile";;' tilbe from the top by carefully
tapping with a soft face mallet until the upper _end is flush with the hydraul ic I ift COVer
surface. Pay porHcular attention to the ends
of -the new tube when i nsta II i ng it. The top
end- 'o f the tube is finished to an outside diameter of ~ 505- ,.,507 in. and the bottom end is
finished to an ,outside diameter of .502-.504
,i n. , Tlkis lower , end has a 45 degree chamfer
and this 'chamfered end should always be in-s talled in the -bottom of the center housing.
After install:ing 'a new tube, flare the ends of
the tube slightly by peening with a tool ha\'ing ~ '45' degrt!e cone point.
..

~

..'

L'EVEl:ING BOX
To disassemble the leveling box:
1.' Unscrew the right-hand lift rod from
the, fork by turning the leveling crank.
2. Remove the pin from the upper end of
the leveling box and rod.
3. Drive the rivet from the leveling gear
and crank, and carefully drive the crank out
of the gear and gear. box.
4. Drive, the shaft through the leveling
box, which in turn will drive out the expansion plug allowing the bearing assembly
to be removed.
Reassemble in the reverse order.

\

'-
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TROUBLE SHOOTING
TROUBLE
Implement Will
Not Lift

POSSIBLE CAUSE

1. PTO Shaft not in Gear
2. Badly Scored or Binding Ram Cyl inder
3. Binding Control Valve
4 . BindingPumpSidePlate
Valves
5. Broken Control Valve
Stem
6. Blown Old Type Flat
Gasket
7.
Relief Valve Spring
Very Weak
8. Broken Ram Cyl inder
9 . Split or Leaky RiserT ube
10 . Congealed Oil due to
Extreme Cold
11 . Control Valve Unhooked
from Vertical Fork
12. Loose Cap Screws on
Valve Chamber

Implement Will
Not Lower

Slow or Erratic Action

1. Seized Ram due . to a
Scored or Binding Cylinder
2. Binding Control Valve
3. Cap Screws on LiftArms
too Tight
1. Badly Scored or Binding Ram Cyl inder
2. Binding Control Valve
3. Broken Control Valve
4. Weak Retraction Spring
5. Leaking Gaskets
6. Side Chamber Valves
Binding on Guide Rod
7. Loose or Spl it Riser Tube
8. Scored Pump Pistons
9. Oil Contains Dirt or
Abrasive Substance
10. Valves Assembled Upside Down in Pump Chambers
11. Binding Control Valve
Oscillator Drive

TROUBLE
Pump Noisy or
Knocking

Implement Jerks
When in Raised
Position

Implement Fails
to Lift at Idle
Speed

Implement Lifts
But Falls When
Pump is Stopped

-

_. -

-

1. Foaming Oil
2. Worn or Broken Pump
Cams
3. Improper PTO Shifter
Housing to Pump Side Plate
Clearance
4.lmproperlyAlignedPump
5. Starved Pump due to
Improper Quadrant Setting

1 . Check Chain Anchors
Installed Upside Down
2. Twisted Check Chain
3. Reversed Lower Links
4. Improperly Seated Safety Valve
5. Weak Fork Retractor
Spring
6. Leaking Riser Tube

1. Loss of Oil Pressure Between Pump and Ram CyI inder
2. Rei ief Valve Spring

1. Improperly Seated Relief Valve
2. Scored Ram Cylinder
3. FaultyorWorn Ram Piston Rings
4. Loss of Oil Pressure Between Pump· and Ram Cylinder
5. Sticking Control Valve
Implement Will Not
Maintain Desired
Working Depth
1. Implement Out of Adjustment
2. Dull Tools
3. Quadrant Maladjusted
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TROUBLE

POSSIBLE CAUSE
4. ImplementHastooMuch
Suck
5. Soil Texture Varies
6. Binding Automatic Control Linkage
7 . Sticking Control Valve
8. Top Link Improperly Adjusted

PTO Sh ift Lever
Binds or Sticks.

1. Drive Shaft to PTO Retainer Assembly (TO-708)

TROUBLE

POSSIBLE CAUSE
Clearance Incorrect
2. Drive Shaft-PTO Shifter
Rail (TO-719) Clearance
Incorrect. Flashings on the
Drive Shaft not Ground to
Give Proper Clearance

Pump Does Not
Function After
. Assembly in
Tractor

1. A ir Lock in Pump in
S ide Chambers
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SPECIFICA liONS
OPERATING PRESSURE
TO-30 & TO-20 •
TE-20 • • • . . •

1900-2300 PSI
1500-1900 PSI

PUMP
1500 Engine RPM.
2000 Engine RPM.

,2 gal. per min:
2.6 gal. per min .

•

Cam Blocks
2.000-2.001 in.
2.005 in.
2.244-2.247 in.
2.242 in.

Inside Dia • . . . . • . . .

Max. Allowable Inside Dla ••
Parallel Face . • . • • • • •
Min. Allowable Parallel Face
Cam
Outside Dla. • •••
Min. Allowable Dia ••

1.995-1.997 in.
1.993 in.

Bushing
Max. Allowable Inside Dia ••

1.182-1.183 in.
1.184ln.

PISTON ASSEMBLIES
Distance Between Inside Faces .
Max. Allowable Distance

2.249-2.252 in.
2.254 in.

VALVE CHAMBER
Cylinder Dia • • • . •
, Max. Allowable Dia.
Min. Allowable Dia.

.802-.803 in.
.804 in.
.800-.801 in .

Inside Dic . . . . • • . • •

"

CONTROL VALVE
Outside Dia. •
Inside Bushing Dia.
Outside Bushing Dia ••

.
'

.

.5918-.5920 in.
.5929-.5933 in.
1.0011-1.0015 in.

,

Pump Base Bushing Bore
Aluminum Base
Cast Iron Base •

.999-1 . 000 in.
.9998-1.0006 in.

RAM CYLINDER
Inside Dic . . . . . . . . . . • . . . . .
Max. A lIowabl e Dla.. • • • • • • • . • •
Ring Gap (Measured in a2 .500 in. cyl inder).
Max. Allowable Ring Gap

, Ring Width . . . . . . • • • . . • • • •
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2.4995-2.5010 in.
2.503 in.
.0025-.0075 in.
.010 in .
. 123-.124 in.

FERGUSON SYSTEM
2.497-2.498 in.
2.496 In.
.1255-.1265 in.

Piston Ola • • • • • • . . •
Min. Allowoble Piston Oia.
Ring Groove Width
HYDRAULIC LIFT SHAFT
Ola. at Bearing Area • • • • • • •
Min. Allowable Bearing Area Ola ••
Bush ing Outside 0 ia.. • • • •
Min. Allowable Bushing 0.0 ..
Bush Ing Inside 0 ia. • . . .
Max. Allowable Bushing J.D. •
Bushing Bore in Lift Cover • • .
Max. Allowable Bushing Bore Oia.

•

•

..

TORQUE SPECIFICATIONS
Valve Chamber to Pump Base Cap Screws
Valve Chamber Clamp Cap Screws • • •
Pump Base to Center HousIng Cap Screws
LIft Cover to Center Housing Cap Screws
Ram Cylinder Retaining Bolts • . • • • .

1.996-1.998
1.994 In.
2.370-2.372
2.368 in.
2.001-2.004
2.007 in.
2.374-2.375
2.376 in.
50-55
50-55
38-45
38-45
45-50

lb.
lb.
lb.
lb.
lb.

In.
in.
in.
in.

ft.
ft.
ft.
ft.
ft.
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FRONT AXLE & STEERING
The front axle and steering assembly of the
Ferguson tractor offers a unique arrangement
of a three section front axle, radius rods,
steering drag links and steering housing which
combined, provide the ultimate in working
and driving ease. These components are designed so that a maximum of flexibil ity, with
a minimum amount of adjustment, is attained
to meet all field and crop conditions.

the spacing without the altering of the steering geometry or wheel al ignment. Further,
the radius rods always remain in the same
relative position with the steering drag links
since they also move outward, when the outer
axle sections are extended, pivoting at the
transmission case. With this condition existing, the radius rods always provide maximum
support for the front axle assembly.

FRONT AXLE

REMOVAL

The front axle consists of a center section
and two outer sections which are bolted to
the center section. The front wheel spacing
may be varied from 48-80 in. by bolting the
outer sections at different positions on the
center section and by various wheel arrangements. The center section of the front axle
pivots about and is supported by a 1 3/4 in.
cadmium plated pivot pin. The pivot pin allows the axle to rock in relation to the tractor as the wheels follow the 'contour of the
ground. This Ferguson Feature also permits a
forward and rearward movement of the axle
on the pin when the wheel tread spacings are
changed, thereby making it possible to change

The axle, radius rods, drag links and axle
support can be easily removed as a unit when
it is necessary to work on any component
parts. Remove the hood, drain and remove
the radiator. Support the engine on a jack
or with a chain fall and remove the four bolts
attaching the axle support to the engine
block. Detach the radius rods from the transmission case and the drag links from the
steering arms. To remove the drag link bolt
from the steering arm, h"ld the drag link and
strike the steering arm a sharp blow with a
hammer as shown in Fig. 334. The assembly
may now be wheeled away from the tractor as

Fig. 334

Fig. 335
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~-xle support as shown in Fig .338. When the

pin becomes worn sa that its diameter at any
paint is lels than 1.700 in., it should be renewed. This point on the tractor may occasionally squeak but it should not be ailed
,CIS t,his will cause It to pick up dust and dirt
wh Ich will hasten wear. It may, however, be
;dusted with drr powdered graphite or sprayed
'WIth DGf while disassembled.
'jo.,

_

•
~

'..

..

'

-.'t,

-

I

The pivot pin may be removed from' tHe

.' ·':T'Ii.e',pivot p.in used in the TE-20 and TO-20
,tractors- betWee~ S~rial Numbers TO-12432
and TO-1317;1 js 33/4 in. long and has a
17/32 in. hole." On most TO tractors between Serial Numbers TO-31835-TO-40842,
the pin had a larger bolt hole to accept a
7:/1~ x 1 1/4 in. bolt over which a bushing
;'!l~ war~,her had been fitted. This c~nge
w,as m.ade to ,reduce the tendency !If the axle
pin to ,shea.r the bolt and work loose. Where
'..
troubl9. i~ , en!<9untered on older TO tracto(S,
the use of this pin and bushing Should help.
A further change was made on tractors after
Serial Number 40380 whereby, a 5/8 ,ln. bolt
and bushJng )Nas installed. Th is change requir~sa plvotpin with a 7/8 in. hole. These
parts 'are alii indicated in the Parts 'Catalog.
A split; pre-sized, hardened steel ' pivot pin
bushing is pressed Into the center section df

Fig. 337

Fig. 338

shown in Fig .335.
• Note: A spacer is 4sed between the right
side of the axle support and 'the engine. block
on the TO-30 tractor, see Fig.336. The-generator support bracket used on the TO-20 and
TE-20 tractors, Fig.337, eliminates the need
~
for th is spacer .
.r

,0_

PIVOT PIN & BUSHING
•

<l

•

,.

~
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bushing puller into the bushing and pull the
bush ing with a slide hammer as shown In Fig.
340. If the bushing cannot be removed in this
manner, carefully split the bushing with a
chisel and then remove it.

Fig. 339
the axle. When the I. D. of the bushing becomes greater than 1.790 in., it should be
pressed out and a new one pressed in. see
Fig. 339 using the correct size standard step
plate, being careful to get the split side up.
Manufacturing clearance between the pin
and the bushing is .007- .008 in.

Fig. 341

In orderto remove the front wheel spindles,
it is first necessary to completely remove the
bolt which clamps the spindle arm to the
spindle. The arm should then be lifted off
(do not drive the spindle down) and the felt
seal and key removed. The spindle rotates in
two steel backed bushings of the split type.
They should be pulled when they have become excessively worn and new ones pressed
in. To remove the bushing, screw a threaded

To replace the spindle bushings, start both
bushings into the axle housing and then using
the two adapters, 5DT-118 and 5DT-119,
press both bushings in at the same time as
shown in Fig. 342. Press both bushings in
until the adapters contact the axle housing.
After the bush i ngs are pressed In place, they
should be line-reamed to an inside diameter
of 1.249-1 .250 in. as shown in Fig. 341 The
thrust-carrying ball bearing in the bottom of
the spindle housing should be cleaned and
packed with grease or replaced if defective.

Fig. 340

Fig. 342

FRONT WHEEL SPINDLE
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Fig. 343
The' spindlesare right-hand and left-hand and
may be identified by looking af the upper
end· of the spindle with the axle arm pointing·
downward. If the keyway is to the right, the
spindle is a right-hand piece, if tlie keyway
is to the left, the spindle is a left-hand mell!ber, see Fig. 343.

FRONT WHEEL HUB

Fig. 344
installed by pressing in with a suitable stepplate as shown in Fig. 346. Adjust the bearIngs by tightening the nut until a .51 ight drag
Is felt when the wheel is spun and then backing it off until the cotter pin may be Inserted.
If the ' inner bearing and se<:!1 were removed,
tighten the retaining nut sufficiently to pull
the bearing into position before adjusting the
bearings.

The front wheel hub rides on two taperedroller bearings which are protected by an inner dust seal and a hub cap; Whenever the
hub is removed, wash it and the~ bearings in 'l
suitable grease solvenf and repack with bearing lubricant. The seal shou'I~' be insp.e cted
and if it shows signs of wear, if should be renewed. To remove the bearinsLand seal from
the spindle, use a bearing splitter and puller
as shown in Fig. 344. Check the surface of
the spindle on which the seal rides to be sure
it is clean and smooth. Polish' thjl area with
fine emery cloth and crocus cloth if it Is
rough. When replacing the seal and bearing,
sl ip the seal in position on the Spindle and
place the bearing on as far as it will go. The
bearing will pull into place when the retaining nut is tightened. The bearing races may
be pulled from the hub with a conventional
race puller as shown in Fig. 345 and re-

Fig. 345
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sectors. An upper housing carries the steering
shaft which rotates in tapered-~lIerbearings.

REMOVA ~

Fig . 346

RADIUS RODS
The rear or ball end of the radIus rod is
secured in a socket and cap and should be
free to pivot at all times . Clearance for the
ba.1I in the socket is obtained by the use of
shims inserted under the ball cap. These
shims can be removed to compensate for wear
but enough shims must always be present to
permit the ball to move freely as the axle
rocks about the pivot pin . This clearance
may be checked by jacking up the front of
the tractor and rocking the axle abaut its
pivot pin.

The following procedure for removing the
steering gear from the tractor is recommended.
Remove the hood, battery and gas tank. Disconnect wires 'i rom the generator, coil and
starter switch ~ that the assembly is left attached to the i;nstrument panel,. , Disconnect
the oil gauge Iline from the gauge. Remove
the choke rod by disconnecting from the carburetor and withdrawing from the instrument
panel. Loose!,! ' the U-balt holding governor
linkage to the hand throttle rod. Remove oil
cup from air deaner.
Remove rear ends of
,
drag I inks from steering sector arms . Remove
bolts holding steering housing to the transmission case and lift off entire assembly.
Afterthe cover plate is removed from the bottom of the housing and the oil is drained, the
assembly may be set on the steering wheel as
'
shown in Fig. 347.

DISASSEMBL Y
In order to remove the sectors and steering
arms, the' bolts which clamp the sectors to the
arms must be completely removed, making it

STEER ING ASSEMBLY
The Ferguson tractors are equipped wit h
two drag links instead of the conventional
drag link and tie-rod. Th is means that both
wheels are steered instead of one steering
and the other following . The Ferguson steering linkage is easily adjusted for wear and
correct toe-in. The lower housing encloses
two sectors which are bolted to the stee ring
arms and are driven by a pinion on the lower
end of the sfeering shaft. The mesh between
the sectors and the pinion i's adjusted by
screws which bear against the back of the
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tors are identical and interchangeable. After
the sectors and 'arms are removed; the lower
housing should be detached from the upper
, housing.
Whenever the steering arms are removed,
, the bushings should be checked for wear and
, replace4,Jf necessary. The assembled inside
' diamete,r',''of the center bushing should be
1.1275,,;1.1290 in. while that of the two out';s:i!j~ bulllings should be 1.3120-1 . 3135 in.
'J.f'~~t&eir:d:iameters at any point exceed these
tifi~bfes by more than . 0020 in . , the bushings
f~)}o~ld
replaced. To remove the bushings
i'f.r:l?,rr.;, the, steering gear housing, support the
~o'tl~·l,ng.,;i~ a,. press, select the proper size
,f ma'ndrel dnd "press the two outside bushings
out of the housing as shown in Fig .349. Pressing the bushing out in this manner will re"move 'the oil seal at the same time.

be

Fig. 348
possible to pull the arms out of the 'housing,.
N'ote that the steering arms are right..:hci"d
and left-hand . On TO tractors, they may be
Identified by looking at the splined e'rid 'w'l1fl'e
holding the arms so that they point'dowit'" If
the blind spline is to the riglit"; th~arm " is,ro
right-hand member and if the blind ~pline"j's
to the left, the arm isa left-haoel 'unif ; see
Fig .348. On TE tractors, the inne'r end of
the arms are stamped right or left . The s~c-

To remove the center bush ing, first place
the specia I support , SOT -120, between the
cerite'r web and the outside of the Mousing, as
'shown' in Fig .350. Select the proper size
'standard step plate as shown. The use of this
special support eliminates the danger of
~ rack'i'ng " the , center web when pressing the
center bushing out or in . The special support

Fig. 349

Fig. 350
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Fig. 351

Fig. 353

is adjustable in height and should be adjusted
so that it is tight between the center web and
the outside of the housing.
To install the new bushings leave the special support in place and press the center
bushing in as shown in Fig. 351. Press the
bush ing in until it is centered in the bore of
the center web. Use the proper size standard
bushing driver to press,the two 'o uter bushings
in as shown in Fig •. 352: Press the bushings in

until they are flush with the inside of the
bore in the steering gear housing. Service
bushings for the steering gear housing are
pre-sized and do not require reaming after
installation. To install new oil seals, use a
flar step plate as shown in Fig .353. Install
the seal with the feathered edge of the seal
toward the inside of the housing, and press
the seal in until it bottoms in the recess.
Never try to reuse an oil seal that has been
removed from the housing.

Fig. 352

Fig. 354
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Fig. 355
The upper housihg should be removed from
the instrument panel before aUempting to, remove the steering shaft or its bearings.. In
o~er to remove the steering' shaft" it is necessary ta remove the steering whe~1 dome
nut and pull the steering whee~, as shown in
Fig. 354. Remove the cap, seal, lock nut, '
and adjusting nut; the steering shaft may naw
be withdrawn from the bottom of"the housing.
If the bearings are to be replaced, the cups
may be pulled and replaced as shown in Figs.
355 and 356. The lower cone and roller assembly may be removed from the shaft using a
bearing splitter. The bearings should be
coated with bearing lubricant and the adjustIng nut tightened until a slight drag is felt or
until a torque of 1-2 pound-feet is required
to turn the shaft. Tighten the lock nuts and
lock both nuts with a lock washer,.

Fig. 357
Complete the reassembly in the reverse
order to the disassembly, using a new gasket
between the cover plate and cast housing.
The steering gear must be "timed" before
the drag links are reconnected. This is done
by moving one sector arm completely forward
and the other arm completely toward the rear.
Move both arms toward each other until the
sector gears mesh with the pinion at the same
time. If this is properly done, both arms will
be directly overthe foot rests when the steering wheel is in the straight ahead position as
shown in Fig. 357. Reconnect the d
links.

Fig. 358

Fig. 356
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Fig. 359
The adjusting screws on either side of the
housing should now be screwed in . until the
sector gears mesh fully with the pinion. This
may be checked by forcing the arm in and out
of the housino to see if there is any end play
as shown in Fig. 358. Turn the wheels as far
as they will go in both directions and make
sure that no binding occurs. The lower housing should befilled with transmission oil until
the oil just touches the steering arms. The
pinion bearings should require no further lubrication if they were cleaned and packed
with grease before they were installed.

Fig. 361
the toe-in, measure between the tire rib centers cit hub height at both front ond rear of
wheels, as shown in Fig . 359. and note the difference. The measurement at the front of the
wheels should be from 0-1/4 in. less than
that at the rear .
To adjust the toe-in, loosen the bolts at
the front and bock of each drag I ink, and
turn in or out os required. After adjusting
the toe-in, retighten all clamp bolts securely, see Fig. 361

MODEL DIFFERENCE

INSTALLATION
The assembly may , be installed by merely
reversing the procedure outlined above.

TOE IN
After the reassembly of the tractor is complete, the front wheel toe-in should be
checked and adjusted if necessary. To check

The principal difference between the steering gear of the TO tractors and the TE tractors is in the design of the housing. On the
TE tractors, see Fig. 360, the steering gear
housing also serves 'as the cover for the transmission, while 'on the TO tractors, see Fig.
362, the steering gear housing and the transmission cover are separate pieces.

Fig. 362

Fig. 360
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SPECIFICA TlONS
PIVOT PIN
Original Dia. of Pivot Pin.
Min. Allowable Dia. of Pin • • •
Original 1.0. of Pivot Pin Bushing
Max. Allowable Dia. of Bushing.

1.747-1.748 In.
1.700 In.
1.7615-1.7675 In.
1.790 in.

SPINDLE
Spindle Bushings-Ream to • • • • • • • • • • • • • • • • • • • • • 1.249-1.250 in.
STEERING HOUSING
1.0. of Center Steering Housing Bushing
Max. Allowable Ola.. • • • • • • • •
1.0. of Outer Steering Housing Bushings.
Max. Allowable Oia ••
Toe-In . • . . . . . . . • . • . • .

1.1275-1.1290 In.
1.1250 in.
1.3120-1.3135 in.
1.3100 in.
0-1/4 in.
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