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Abstract

Rubber belt track-type tractor features of pull capability, tractive efficiency, and
less compaction resulting in greater crop yield are described. Using these features
in a controlled traffic environment with wide tools results in significant yield
increases and lower costs. Low pressure tire performance is compared to rubber
belt track performance.
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Introduction

Farming is changing significantly around the world. Budget pressures are causing governments to cut
back or at least reconsider the amount of subsidy that is provided to their farmers. Farmers are now
looking around the world for machinery and farming practices that will reduce costs while increasing
productivity. Capital investment to reduce costs and increase productivity is becoming a necessity in
agriculture as it is in most other businesses. Changing farming practices to control the amount of
traffic in the fields is becoming a necessity. There are too many wheels, running too often with too
narrow equipment.

In 1987, Caterpillar introduced the first model of the Challenger line of tractors with the Mobil-trac
System rubber belt track. Many farmers immediately recognized that an investment in track-type
tractors would increase their productivity and lower their costs. The purpose of this paper is to briefly
present data from around the world to show the value of track-type tractors in farming applications.

Tractive Performance
Evans and Gove (1986) reported the results of extensive rubber belt track tractive performance tests.

Fig. 1 shows pull ratio vs. slip in tilled soil, typical of agricultural type soils. (Pull ratio is the ratio of
drawbar pull to machine weight.) This is a clas-

sic set of curves, duplicated by many researchers, " : ' j
which shows that a track machine will inherently . E » MM
pull a higher ratio of its weight, at much less slip, : | E
than will a wheel machine. If the soil condition § 06 : f '
is softer, the wheel performance decreases; if the ; . g
soil condition is harder, the wheel performance = ol
increases until it is essentially equal to rubber
track on concrete surfaces. An interesting feature oz i
of tracks is that they are less sensitive to soil E Bubber * _
conditions than wheels and maintain their high 0 FiTrack
performance in a wide variety of conditions. = 20 4 40
Slip %
Fig. 2 shows tractive efficiency vs. pull ratio.
(Tractive efficiency is the percent of axle power
delivered to the drawbar.) A track machine is 1.0 :
significantly more efficient, at lower slip, over a I I mﬁm
very wide range of pull ratios, than the wheel 0.8 D i W e
machine. This results in several advantages to 2 : *#ﬂ--w-'--ﬁwﬂ! e l
the farmer: _§ ot 7 N Range A A
1. He does not need to be overly F 0.4

concerned with proper match of tools % -

to a tracked tractor. His efficiency E 0.2

will remain high. :

2. However, he can match to wider 0 0.2 0.4 0.6 08 1.0
tools, an important concept in Pull Ratio

controlled traffic, and still have

plenty of reserve pulling power to till hard areas of his fields.
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3. He does not need as much engine horsepower to do the same drawbar work.

4. The less powerful engine with the increased tractive efficiency results in a considerable
savings in fuel on a field area basis. Many owners report 20% or more in savings.

5. Higher pull capability means a tracked tractor can be lighter for less compaction, better
flotation, and less motion resistance.

Low Pressure Tire Tractive Performance

In an effort to try and control sometimes severe wheel tractor power hop problems with radial tires,

some tire and tractor manufacturers developed th.e 1.0 T
concept of lower tire inflation pressures. Thisis a .
rather elaborate and intensive tire and tractor man- 048 E : v
agement procedure, which in some tire handbooks s ____;g"f—- p— (b
is up to 12 pages long. el [Singies |
] ot .
Turner (1993) reported on several years of low E b F . [ racks 1t 31960 Toa .
inflation pressure tire tests conducted by the £ 04 3 = 1 —sz:-éf:‘mmvwa
Alberta Farm Machinery Research Centre in : L e b
Canada. Fig. 3 shows the results as pull ratio vs. o2l :
slip in tilled soil for low pressure tire combinations .
and rubber belted track. Although reducing infla- ) ;
tion pressure increased the pulling performance 10 20 40 60
of tires in the very important less than 10% slip Fig.3 Whissi Siip {561
operating range, the increase was insignificant.
In Fig. 4, Turner plotted power delivered (draw- 5100
bar power divided by PTO power) vs. pull ratio. 3
Note that at low pull ratios, low pressure tire § 80 1 >
efficiency is equal to or even better at extremely & :!?’_'“-.q:m o
low ratios. However, at these low ratios, the tools § & > ‘%_ .
are so narrow that they barely exceed the width £ %
of dual tired wheel tractors. Since today's farmer
must be in a controlled traffic environment, itis 3 w
imperative that the performance must be high 2
enough to allow the use of wide tools. é 20
2
Most interesting is that triple tire efficiency was &

only 83-94% of the dual tire efficiency. Triples , 02 04 - 06 08 W0
. . Fig. 4 Pull Ratio

are sometimes promoted as equivalent to track,

and clearly they are not. In terms of controlled traffic, triples establish six compacted traffic lanes

with each trip across the field.

Another very interesting point is that rarely do the tire handbooks allow tire pressures below 55 kPa
(8 psi) and the front axle must have much higher inflation to control the power hop. Turner reports
that increasing inflation pressure from 55 kPa (8 psi) to 96 kPa (14 psi) reduced power efficiency by
7%. Wiley, et al, (1992) reported that with 62 kPa (9 psi) rear pressure, increasing front pressure
from 90 kPa (13 psi) to 138 kPa (20 psi) resulted in an efficiency loss of 4.4% and a puil loss of 9%.
In other words, in most cases, it is not possible to achieve the performance claimed for low pressure tires.
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There are many disadvantages in using low pressure tires, not the least of which is the constant
monitoring and adjustment of pressure because, do not forget, underinflation is the number one cause
of premature tire failure. There is no margin for error with low pressure tires.

Soil Compaction

This is a huge subject that is difficult to cover in a short paper, but it is a very large part of the value
of tracks in agriculture. The two most comprehensive studies to date were reported by Erbach, et al,
(1988 and 1991). To briefly summarize, a good average yield increase, attributable largely to tractor
operation, is 14% in corn. This number is confirmed by farmers who own track; but they also report
a wide variation in results, from no increase to 50%.

If no yield increase is reported, it is almost always due to the soil already being compacted from
previous wheel machines which probably were used for decades prior to the use of track machines,
Many researchers have found that it is a very slow process for nature to loosen soil that has been
compacted by years of wheel traffic, even in climates with freezing weather. It is recommended that
soils should be deep ripped, at least 36 cm (14 inches), with the introduction of tracks. If tracks are
then used exclusively, ripping may not be needed again for many years.

Another point to keep in mind is that soil parameters, in most cases, do not represent the changes in
yield that occur with differences in compaction of tracks vs. wheels. For example, the Erbach
studies showed very little difference in bulk density between the wheel and track fleets, yet the yield
difference was very significant. A compaction comparison test that does not include yield measure-
ment will not give the farmer the information he ' S A

needs to judge the value of less compaction with
tracks.

<w

Fig.5 r‘ e

In terms of controlled traffic, there is an excel-
lent example in Australia. Ken Amott, National
Mutual Cotton, in Moree, NSW, determined that
he would realize a considerable cost savings and
yield increase if he could use wide 24-row
equipment pulled by narrow track instead of
12-row equipment pulled by wide dual tires.
Figs. 5 and 6 show the tracked equipment he is
now using. He had planned on permanent traffic
lanes; but as you can see, the cotton grows nearly
as well in the traffic area of the tracked machine
as it does in the no traffic area. Cotton yields
have increased very significantly, with little
variation from traffic zones to no traffic zones.
Similar reports have been received from other
farmers. In fact, many farmers in the USA have
planted row crops in the traffic zone of tracked
machines and reported no apparent loss in yield.

Data from neutron probe soil moisture
measurement conducted by Cull (1986) of
Irricrop Technologies, Narrabri, NSW illustrate
the advantages of reducing compaction with
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tracked tractors. Fig. 7 shows the full point, the refill point for corn crop 1 (track tractors) and the
refill point for corn crop 2 (wheel tractors). The difference between the full point line and the refill

line is the amount of moisture that the crop was able to T T—Sp——
extract without yield reducing stress. The crop in the track 0 10 20 30 40 50
field was able to extract more than twice as much moisture 2 .\'A\' I\" '
and deeper into the soil profile due to less compaction. Corn % 20r 0\ ‘\ Y
crop 2 requires an early refill to restore moisture and prevent {8 30F O\A\ '\
plant stress and resultant loss in yield. With corn crop 1, the g 40r ¢ 7
irrigation cycle can be extended; at irrigation, more water is 3 sof o in
retained deep in the soil and proportionately less water evap- 3 for o n
orates. In fact, a casual observation of surface moisture on E //
the track field would perhaps cause a farmer to panic, think- 3 80 ik
ing that his plants were in danger, because the surface of the E ‘
track field is drier (12% vs. 25%) when, in fact, the wheel 100, .
field is in great danger of plant stress and yield loss. These 120l ,
types of moisture plots are similar for virtually all crops. B Full point

@ Corn Crop 1 at refill point

A Corn Crop 2 at refill point

A consultant company in our area of Illinois, Key Ag e T TS Cih Chihe
Consultants, will assure a farmer that if he would use wide ) Same Clay Soil at Griffith NSW

tools, he will immediately realize an increase in yield. Witha

24-row planter and cultivator and an 8-row combine, they have measured average losses of 22% in
the 8 corn rows in the traffic zone of a dual tired 2WD tractor compared to the 8 no traffic rows on
each side of the tractor. Losses can be as high as 44%. Using tracked tractors with the wide equipment
results in almost all of the loss being recovered in the middle 8 rows.

Perhaps the biggest advantage of tracks is the ability to plant crops on time. Purdue University,
Lafayette, Indiana, has developed a parameter called "shadow price" based on data provided by farmers
on the value of farming on time. This price is the value of an hour of planting time during the optimum
weeks for planting a crop considering the yield that can be achieved at harvest. In the USA "comn
belt", a typical shadow price is $475.00US/hour for the best two weeks. If it should rain during this
time, which is very common, and assuming that he operates 14 hours a day, he will lose $6650.00US
a day of income for each day that he does not plant. It is common to lose 3-5 days due to rain during
the best two weeks. The value of being on time is so great that this feature of track alone will return
any premium associated with a track-type tractor in the first year or two of operation.

For example, a few years ago, one farmer figured that planting part of his soybean crop two weeks
late, cost him $24,000.00US. Another farmer lost 25% of his yield because he could not plant every-
thing on time. This year, the midwest had almost continual rain during the two best weeks and even
for two additional weeks. In these circumstances, the track machine becomes like an "insurance
policy" and the entire cost of the tractor is recoverable in one year rather than just the price difference
compared to a wheel tractor.

Low Pressure Tire Compaction
The Erbach, et al, (1988) report is the only multiyear study to date that included 48 kPa (7 psi)
inflated tires in a yield study. There was no advantage in yield for the low pressure tires. Yield is

conspicuously absent in all other claims that low pressure tires reduce compaction.

Tire load is more significant in determining yield than inflation pressure. Bailey, et al, (1993) reported
on a series of tests with low and high pressure tires at various tire loads. Fig. 8 is a bar graph plot of
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a table of results in the report. When the RELATIVE INCREASE IN BULK DENSITY
high load tire pressure was reduced from UNIFORM PROFILE - NO HARDPAN

124 kPa (18 psi) to 41 kPa (6 psi), a INCR. - %
reduction in bulk density increase occurred. 60 B 25.3 kN & 124 kPa
(However, the tire is not rated for this 50 [ 253 kN & 81 kPa

load, 25.3 kN (5,685 Ib), at low pressure
so this is not a farmer option.) Most
important, reducing load, at high pressure,
caused a much greater reduction in bulk 20
density increase. With less load, a reduc- 10
tion in pressure is feasible. Unfortunately, o LI
wheel tractors cannot operate effectively at 25 cm NSL36 em NSLZ1 cm DCL 25 cm DCL
low loads. Although the study was not MEASUREMENT DEPTH - Centimeters
intended to verify track parameters, it is NORFOLK SANDY LOAM -NSL

clear that only track can achieve the DECATUR CLAY LOAM - DCL

desired results. Rubber belted tractors Fig. 8

have typical roller/wheel loads of 9.8-12.5 kN (2,200-2,800 1b) and 41 kPa (6 psi) or less of ground

pressure.

M 13.1 kN & 124 kPa
W 13.1 kN & 41 kPa

Summary

The obvious conclusion is that tracks are very valuable to the farmer. Some farmers report they now
have the lowest cost per hectare (acre) or tonne of produce that they have ever had. These lower costs
were achieved by buying more expensive machinery, that really works well, rather than simply buying
less expensive machinery. This situation is rather common in both the business and consumer world.
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