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1983. A tractor for agricultural development of peat soils

Aspecialized tractor for operating onmarginal peat soil conditions has been developed tosupport aneffort todevelop
vegetable production in Newfoundland. A large acreage of peatland is available for agricultural exploitation in New
foundland butthe peat bogs aredifficult todrain, requiring high-floatation equipment foralloperations. The new tractor
has been built with high clearance, high floatation and with full agricultural hitching suited to vegetable production
where there are limits tosoil support. Design ofthe tractor iswith modular construction using easily available components
for ease of reproduction in local shops. Narrow tracks were originally installed but would not support the vehicle with
mounted implements in adverse conditions. Wider tracks provided the needed support and, so equipped, the tractor
provides a model for further development.

INTRODUCTION

One of the obstacles in producing veg
etables on peat soils is the difficulty in
obtaining sufficient drainage to use con
ventional-wheeled tractors. In Newfound

land, some 400 000 ha of peat soils are
potentially available for agricultural pro
duction. The availability of other soils in
the province is not sufficient to support a
vegetable production system that requires
a local supply of growing materials and
chemicals, machinery dealer networks
and a marketing system for the product.
Research by Agriculture Canada at the
Peatland Substation, Colinet, indicated
that peat soils were capable of economi
cally producing many vegetables, espe
cially root and crucifer crops, with excel
lent quality. With the potential of the peat
soils added to the agricultural system in
the province, an efficient production sys
tem could be realized.

Peat soils in Newfoundland tend to have
been formed under ombrotrophic condi
tions, obtaining nutrients from the atmos
phereand formedon level or sloping areas
where precipitation is high and evapora
tion is limited, resulting in soils low in
nutrients and bulk density. By contrast,
peat soils used for agriculture in other
areas were formed under minerotrophic
conditions, influenced by ground water
flow and are more decomposed with
higher bulk densities, higher nutrients and
are more easily drained. Generally, peat
soils in Newfoundland are fibric in nature
with decomposition at 1 m depth in the
3-5 range on the Von Post Scale. Hy
draulic conductivity at 1 m depth is rela-
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tively low (3-50 cm/day) and this, com
pounded by high total rainfall, makes
drainage a problem.

Fortunately, a relatively low rainfall
period occurs in the mid-June to mid-Au
gust period, which allows good growing
conditions for most crops. High rainfall in
the fall usually results in a resurgence of
water tables to near the surface (Rayment
1970). Good vegetable crop production
can be assured even during unusuallywet
years, by planting the crops on ridges or
raised beds (Rayment 1968), except for
the limitation of soil strength to support
machinery when conditions are exces
sively wetduring planting andharvesting.

The need for a specialized agricultural
tractor for use on peat soils in Newfound
land was first realized by Healy (1962).
In 1962 he modified an International T-5
(International Harvester, Hamilton, Ont.)
agricultural crawler by extending the
chassis, reversing thedished drivesprock
ets and extending the roller carriers to al
low installation of long tracks and wide
pads. This provided a tractor capable of
powering mounted agricultural imple
ments on fragile soil. This modification
assisted agricultural development of fod
der crop productionon peat soils and stim
ulated interest in potential vegetable pro
duction on a commercial basis.

The Healy tractors and other muskeg-
type vehicles proved to be too wide, un
derpowered and without sufficient under
side clearance to suit vegetable row-crop
production practices. A set of require
ments for a more suitable tractor was es
tablished and a world-wide search for
availability was made (Hergert 1980). The
search failed to locate a machine that
would provide a combination of high
clearance and agricultural hitching and
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power. Therefore, a decision was made to
design and develop a special "Peatland
Tractor." This paper describes the tractor
design and early field experience.

TRACTOR DESIGN AND

DESCRIPTION

Design Parameters
Primary requirements for the tractor in

cluded:

1. Ground pressure — not to exceed 10.3
kPa

2. Track width — not to exceed 330 mm
3. Power — to exceed 24 kW

4. Underside clearance — to exceed 600
mm

5. Tread — adjustable between 1400 and
1800 mm

6. Power take-off— ASAE standard 540
r/min

7. Hitching — ASAE standard Category
I three-point-hitch and ASAE standard
drawbar dimensions

The Engineering and Statistical Re
search Institute's (ESRI) new tractor
(Table I, Fig. 1) was designed to suit the
requirements above and to include the fol
lowing concepts: (1) modular construction
and the use of readily available compo
nents to permit reproduction in local
shops; (2) articulated frame with four
tracks to spread the load over sufficient
area to achieve the required ground con
tact pressure while accommodating nar
row tracks; (3) a combination of hydro
static track drive and mechanical power-
take-off to accommodate rotary cultiva
tion tools and harvesting equipment; (4)
capability of carrying mounted agricul
tural equipment while maintaining floa
tation and traction in soft soil conditions.

The resulting design was an articulated
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TABLE I. SPECIFICATIONS OF THE ESRI PEATLAND TRACTOR

Overall length 5300 mm

Overall height (top of steering wheel) 2100 mm

Overall width 2100 mm

Weight 2400 kg
Turning radius 9.5 m

Track width 330 mm

Optional tracks 500 mm

Track contact area

with 330-mm tracks 2.1 m2

with 500-mm tracks 3.2 m2

Ground contact pressure
with 330-mm tracks 11.2kPa

with 500-mm tracks 7.4 kPa

Drawbar pull (theoretical) 12.4 kN

Power-take-off speeds 540 and 1000 r/min

Three-point-hitch capacity 2000 kg
Engine (6-cylinder gasoline) 3.3 L

Power at 2700 r/min 55 kW

Torque at 2700 r/min 187 Nm

Hydrostatic system pressure 25 000 kPa

Hydraulic system pressure 10 000 kPa

Forward speed
Low 0-11 km/h

High 0-22 km/h

tractor having four track assemblies
mounted on a raised frame with full agri
cultural hitching capability.

Frame

To suit the modular construction con

cept, a main two-sectionframe (100 x 50
mm rectangular tubing) with an articula

tion joint was built to accept all compo
nents as bolt-on units. The main frame

was situated sufficiently high to provide
the necessary underside clearance, with
the engine mounted between the rails of
the front section. Mounting bars (100 x
100 mm2 tubing) for attaching the modular
track assemblies with clamps extend side
ways from each section of the frame.

Figure 1. The ESRI peatland tractor.

Steering was accomplished by rotating
the two sections about a vertical pin that
formed part of an articulation joint. The
articulation joint was a longitudinal, hor
izontal, dual-sleeve bushing, 180 mm in
diameter and 500 mm long, made of two
pieces of hollow steel tubing. The front
section of the tractor was attached to the

internal sleeve, and the verticle pin sup
port and end bushings were attached to the
external sleeve. The rear frame section

was welded to a verticle journal fitted be
tween the end bushings of the vertical
joint, and was secured by a pin 250 mm
long by 50 mm in diameter. The design
provided steering angles of ± 30° and ar
ticulation angles of ± 15°. Hydraulically
controlled steering was activated with a
remote rotary hydraulic control valve
(Oribitrol Power Steering, Eaton Fluid
Power, Eden Prairie, Minn.) operating a
double-acting hydraulic cylinder con
nected between the rear frame section and

the articulation joint. Location of the
steering control cylinder in this manner
eliminated any need for swivel joints on
the cylinder and any effect of articulation
on steering geometry.

Track Units

Track design criteria were as follows
(1) each track must pivot on a horizontal
axis, perpendicular to the direction of
travel, for full contact with the ground;
(2) sufficient strength must be provided to
withstand twisting that is inherent in track
steering; (3) the tread, or distancebetween
the tracks must be adjustable from 1400
to 1800 mm on centers.

Four individual track units carry the
tractor. Each unit has two rubber-tired
wheels in tandem, with the track assembly
wrapped around their circumference. A
piston-type hydraulic motorwas mounted
on the rear wheel of each unit, driving the
track by friction from the tire. The tracks,
originally madeof rubberand fabric belts
with hardwood cleats and tire guides, now
have steel cleats and tire guides on full-
width rubber-fabric belts.

A suspension beam between the rear
driven wheel and the adjustable front
wheel (to adjust track tension) included a
pivot mounting on an axis near the center
of the track assembly for following ground
contours. Vertical stands extended up
wards from the pivot to the extended
mounting bars from the tractor frame.
These stands clamped onto the 100-mm2
mounting bars and were adjustable by
loosening the clamp bolts and sliding the
complete assembly sideways. Bogey
wheels were fitted between the two wheels
of the rear tracks to improve floatation.
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Figure 2. The track assembly showing hydraulicmotor mounting.

Power-propulsion System
The tractor is powered by a Ford 3.3 L,

6-cylinder gasoline engine developing 55
kW of power at 2700 r/min. The engine
is mounted in the forward section of the

tractor and provides power to (a) a hydro
static pump, (b) a hydraulic pump and (c)
the agricultural power-take-off system.

The hydrostatic pump (Sunstrand
Corp., Ames, Iowa) is driven from the
front end of the crankshaft. It provides an
infinitely variable oil flow of 0-139 L/min
at up to 25 000 kPa pressure in either di
rection. The hydrostatic circuit (Fig. 4)
comprises the pump, cross-over relief
valve, series-parallel selector valve, brake
valve, two 50-50 flow dividers, and the
drive motors. The series-parallel selector
valve directs the flow to a four-motor par
allel circuit for low range, or a circuit
placing the two motors in each section in
parallel, but in series from section to sec
tion for the high-speed range. The brake
valve blocks the flow to the front motors,
thus acting as a parking brake. The 50-50
flow dividers are arranged so as to create
a limited slip condition for the four motors
but areequipped with adjustable by-passes
for providing sufficient slip for turning.
Staffa Model B-30 (Chamberlain Indus
tries Ltd., Staffa Works, London, Eng

land) slow-speed piston motors were
mounted directly to the rear wheel of each
track unit as described above.

A separate auxiliary hydraulic system
provides power for the power steering,
three-point-hitch and remote outlets. A
gear pump, providing 45 L/min flow at
10 000 kPa maximum pressure, is belt-
driven from the engine. The hydraulic cir
cuit (Fig. 5) included a priority-flow valve
to provide a fixed flow for the power steer
ing, a relief valve, the power steering ro
tary valve described above, and a three-
spool control valve. One spool of the con
trol valve is double acting and is fitted
with detent stops for operating remote hy
draulic motors such as a picking aid or a
winch. A second spool is double-acting
but without the detent and is intended for
operating a remote hydraulic cylinder
such as for raising and lowering an imple
ment. The third spool is double-acting
with a built-in float position for operating
the three-point-hitch.

The power-take-off for mounted and
towed implements is driven from the
engine through a disc clutch and a heavy-
duty three-speed automotive transmis
sion. The output shaft of the transmission
is connected by a universal joint to a line
shaft that runs through the sleeve section
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of the articulation joint with a carrier bear
ing at the rear of the sleeve.

Another universal joint was placed so
that its axis was in line with the vertical

pin of the articulation joint. A telescoping,
universal-joint line shaft is used between
the supported joint and a secondary gear
box situated at the rear of the tractor. This

secondary gear box reverses direction and
reduces speed by a 1.5 to 1 ratio by use
of heavy spur gears and with an output
shaft (35 mm, six-spline) situated accord
ing to ASAE standards in relation to the
drawbar and the hitch. The automotive

transmission and gear-box ratios provide
540 r/min to the output shaft in first gear
and 1000 r/min when in second gear, at
2700 r/min engine speed.

Hitching and Controls
Hitches for mounted and towed vehi

cles are attached to the frame supporting
the secondary gear-box for the power-
take-off. A frame at the bottom of the sec

ondary gear-box assembly supports a
swinging drawbar and the front attach
ment points for the lower arms of the
three-point-hitch. Pivot bushings at the
top of the box support a rock-shaft that is
rotated by two hydraulic cylinders acting
on arms from the rock-shaft and reacting
back to the rear main frame. Control arms,
extending from the rock-shaft, lift the
hitch through adjustable lift links. The lift
links may be placed in different positions
on the lower arms to provide lift leverages
to suit the implement being used. The
lower arms have swivel ball ends, with the
implement end having holes for both cat
egory 1 and 2 hitch pins. The top link is
attached to a bracket at the center of the

frame. A bracket with supporting pins for
anti-sway bars is attached to the frame
supporting the lower hitch points and
drawbar.

The operator's platform is situated over
the articulation joint and is attached to the
front frame and is provided with a padded
torsion-bar-mounted seat. All controls are

mounted within easy reach of the opera
tor. A foot-pedal controls the hydrostatic
pump that in turn controls the speed and
direction of the tractor. The pedal has an
over-ride hand control with a locking de
vice to set the tractor at a desired speed
for field operations. The hand control is
situated on the operator's right, along with
a throttle control lever and the three-spool
valve controlling the functions of the hy
draulic system.

Two valves on the operator's left con
trol the hydrostatic transmission. One
valve selects parallel or series operation
(low or high speed) and has a neutral po-



Figure 3. The hitch assembly showing the three-point-hitch and the drawbar.

high-speed transport conditions over
gravel and stone. The closely-spaced
cleats did not appear to provide the nec
essary traction interface with the soil.
Originally, plans were to contract out de
velopment of a polymer molded type of
track with cleats that would be suitable for

soft soil conditions and for high-speed
travel on hard surfaces. This research and

development did not materialize and an
eventual design was chosen utilizing steel
cleats at wider spacings, backed by a full-
width belt. Friction drive between the

drive wheel and the track was sufficient

to match the torque characteristics of the
hydrostatic motors used.

Total weight of the tractor was greater
than anticipated as a result of component
substitution (hydraulic motors) and extra
structural requirements to support the
heavy rototillers. The resulting ground
pressure was 19.3 kPa (front) and 16.7
kPa (rear) when equipped with the heavier
steel and belt 330-mm wide tracks. Wider

tracks (508 mm) were built and installed
to reduce the ground pressure to 12.5 kPa
at the front and 10.8 kPa at the rear. The

tractor was tested in the fall of 1980 with

wider tracks only on the rear, as the rear
was observed to sink more readily than the
front due to implement weight. While
there was reduced sinkage, there were still
problems with the front, requiring exces
sive power to move in soft conditions.
Wider tracks were installed on the front as

well, for the 1981 season, with improved
floatation resulting.

Experimentation with the tracks con
sisted of placing the drive wheels at the
front and at the rear of each track assem

bly, use of different width tracks, and ob
servation of slippage. By placing the drive
motors at the rear of each track assembly,
it was noticed that the rear of the track

assemblies would dig in or sink more than
the front when encountering soft condi
tions. This situation made it impossible to
reverse from a soft spot when the tractor
became stuck. The motors were then

changed to the front of the drive assembly,
but this situation led to increased slippage
between the tires and track. The assem
blies were returned to the original position
with the motors on the rear. A wider track

(500 mm) was then installed on the rear
section of the tractor and even when

loaded sufficiently to produce an identical
ground pressure ratio as the narrow track
without the load, appeared to have better
floatation properties revealing that a wider
track has advantages beyond spreading the
ground contact area. This indicates that
track width may be an important charac
teristic in calculating floatation on peat,

sition; the other acts as a parking brake.
A switch attached to the high-low-neutral
valve prevents the tractor from being
started in drive. A foot-pedal on the op
erator's left controls the power-take-off
clutch. The transmission selector is pro
vided for selection of 540 or 1000 r/min
speeds for the power-take-off.

A shielded dash-panel surrounds the
steering column and accommodates
engine gauges, a tachometer, hourmeter
ignition, and starting and light switches.
A power-factorgauge monitoring the car
buretor butterfly valve was also installed
to indicate the percentage of available
power being used.

PERFORMANCE

The tractor has been in use at the Ag
riculture Canada Peat Substation, Colinet,
Newfoundland for 2 yr. It was adapted to
routine work on the station which included
operation of rotary tillage equipment,
such as rototillers and rotary ridgers, and
was used for transport purposes pulling a
tracked wagon. After the first year of use,
several weaknesses were found in the
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original design and the tractor was modi
fied to the design described above (Her
gert and Compton 1978). During the sec
ond season, the tractor performed to
specifications but exhibited extreme wear
and breakage on the wood and rubber
track assemblies. The tracks were ex

changed for more durable materials for the
1980 season.

The tractor was built to test several de

sign concepts for comparison with exist
ing equipment. The articulated design was
chosen as it offered a solution for man-

oeuvreability and floatation while carry
ing heavy implements. Standard-tracked
tractors tended to dig in and mound soil
at the rear when turning with heavy
mounted implements. The new design al
leviates this problem by using shorter
tracks and better weight distribution that
allows turning with little disturbance of
soil, even with a heavy mounted imple
ment. Turning radius (9.5 m), however,
was excessive with the articulated design
and extended length of the tractor.

The wood and rubber belt tracks proved
inadequate as the wood did not withstand
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HYDRAULIC SCHEMATIC LEGEND

(1) Pump-Sundstrand 18 Series Variable Displacement Manual Control (51.6 cc/Rev. )
(2) Cross-over Relief Valve Snap Tite MDD 22 T6 P40A
(3) 4-way Spool Valve -Brand DC 100 -T4 - L-DS Open Centre (operated in reverse)
(4) Hydraulic Motors - Staffa B-30 (442.4 cc/Rev.) Displacement
(5) Flow Dividers - 50 - 50 With Adjustable Internal Bypass Brand B 100 A.B.
(6) Filter Gresen F100 1A1E
(7) Oil Level and Temperature Indicator UCC FCT - 1214
(8) Brake-Brand MS- 100

- oil reservoir cap UCC - VC- SAB - 1562 - 40
- hydraulic oil - Hyken 052

ashas been shown necessary in frictional-
cohesionless soil (Bekker 1960).

Experimentation with cleat design was
limited but it was observed that the new
design, with steel cleats 25 mm high and
50 mm wide spaced at 150 mm, gave su
perior traction overtheclosely spaced (75
mm) wood cleats 25 mm high and 50 mm
wide. The wood cleats tended to spin
sooner and dig in. The wider-spaced steel
cleats were observed to slip only suffi
ciently toincrease theshear strength of the
peat soil by compaction. The track pro
duced an intermittent motion, when the

Detail 5
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Figure 4. Hydrostatic-drive schematic.

tractor was under heavy tractive load, as
new sections came into contact with the
soil. Slippage beyond that point required
more power than was available from the
hydrostatic motors. Thisoffered adefinite
advantage as the tractor did not dig into
softspots. Whenthetractor became stuck,
it was possible to unhitch the implement
and drive out of the problem area, a situ
ation not possible with the narrow-spaced
wood cleat tracks. This relationship of
cleat size and spacing appears to be im
portant in the design of tracks for agricul
tural operation in fragile peat soils.
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The mechanical power-take-offandhy
drostatic-drive combination has proven to
be ideal for a tractor used primarily for
power-take-off-operated implements. The
forward speed of the tractor can be ad
justed easily to take advantage of full op
erating power of theengine to suitvarying
conditions. Power-take-off performance
with the main U-joint aligned with the ar
ticulation joint showedno discernable in
termittent motion under power turns.

Power distribution was adequate for all
components. Under full tractive load, the
engine wasoperating at fullcapacity, with
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HYDRAULIC SCHEMETIC LEGEND

(1) Filter Gresen F 100 1A1E

(2) Pump- Dowty 1P3052 CP (0.0162 litres/Rev.) Displacement. Max. Pressure 3000 psi (211 kg/cm2)
(3) Relief Valve - Yuken B - 3/4

(4) Adjustable priority flow valve - Gresen CFD 50 -5

(5) Power Steering Valve - Charlyn UM12 0.29 Litres Displacement/Revolution

(6) Power Steering Cylinder Monarch 30 H 08

(7) Function Control Valve - 3-SPOOL, Gresen SPK - 4F - 4 - 4D

(8) 3 - Point Hitch Cylinders - Monarch 25 H 08

(9) Remote Control Quick Disconnects - Pioneer 8500 - 4

(10) Winch Motor Charlyn 101 - 1027 - 007 0.1 Litres Displacement/Revolution
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©
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Figure 5. Hydraulic-control system schematic.

the governor holding the venturi valve of
the carburetor wide open and the engine
operating at reduced speed due to full load
when the hydrostatic system was operat
ing at full pressure of 25 MPa.

The series-parallel hydrostatic drive cir
cuit performed as anticipated. All field
operations, and traversing soft or rough
ground must be carried out in low range
as there was a definite limit of available
power in high-speed range. The high
speed range did, however, provide a
means of moving the tractor quickly. The
friction-drive track performed efficiently
at higher speeds for transport and did not
transmit the intermittent motion sensation

common with conventional crawler trac

tors at low speeds, improving operator
comfort.
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CONCLUSIONS

The tractor is now in its fourth year of
operation and has had development work
carried out each year. Initially, narrow
tracks were specified but testing has in
dicated that problem soils would not al
ways support heavy equipment with the
narrow tracks. Installation of wider tracks

on the tractor improved performance con
siderably. Adaption of equipment and
crop row spacing to suit 500-mm wide
tracks was a reasonable alternative. The

tractor has been compared to other tractors
and displays advantages such as improved
floatation with the 500-mm wide tracks,
and full agricultural hitching with high
ground clearance. The tractor would be
relatively easy to produce in local shops
as a result of its modular construction and

use of readily available components and
materials.

The vegetable production program is
progressing in Newfoundland. While it
will be desirable to use a readily available
commercial tractor, the ESRI articulated
tracked tractor has demonstrated a solu

tion to providing tractive and implement
power for operation on problem soils.
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