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INTRODUCTION

With increased tractor horsepowers
and drawbar loads, a greater interest
in tractive efficiency has been de
veloped. Wheel drives and dual
wheels have become quite common
on larger tractors as farmers attempt
to convert higher engine horsepower
into drawbar power.

A review of published literature re
vealed that dual tires were intro
duced as a means of obtaining better
flotation (less sinkage) and possibly
better traction under adverse condi
tions. As many of the tests were made
with different sizes of tires and
weights, the information obtained
was only applicable to the tractor and
soil condition tested. The dual tires
provided better flotation but did not
always increase the drawbar pull.
Sauve (8) obtained less pull with
duals than with single tires for the
same rear wheel weight. This was
probably due to the high inflation
pressure (20 psi) used in the duals as
compared to the single tires (12 psi).
Lowering the inflation pressure (on
loose surfaces) increased the traction
area and decreased the rolling re
sistance. Later tests by Clark and
Liljedahl (2) on model tires indi
cated that duals performed better
than singles (at equal normal weight)
in loose soils at travel reductions less
than 30%. On firmer soils the duals
performed more efficiently when the
inflation pressure of the dual tires
was below that of the single tire.
These results, which were quite valid
for the artificial soil they were ob
tained on, were not verified by the
authors in actual field tests.

McLeod et al. (6) obtained better
tractive performance from duals
tested at the National Tillage Labora
tory at Auburn, Alabama. The dif
ference between duals and singles
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was less pronounced in clay than in
sandy loam.

Kucera and Jamieson (5) found
duals to be advantageous on clay
soils at high drawbar pulls and at
high rates of travel reduction (above
20%).

Southwell (10) conducted tests
with both air-filled and water-filled
duals. The air-filled dual tires im
proved the overall performance but
there was little improvement in per
formance of the water-filled duals
compared to water-filled singles.

Four-wheel drive tractors with (a)
all four wheels the same size or (b)
smaller wheels (tires) on the front
have been tested by Apple (1),
Franke (3), O'Harrow (7), Sonnen
(9), and Southwell (11). In general,
the results favored the four wheel
drive combination (a) with alterna
tive (b) considered superior to a
two-wheel drive tractor of the same
weight and available horsepower.

In order to obtian comparative
data under Manitoba conditions a
series of traction tests were carried
out during the summer of 1967 and
spring of 1968.

EQUIPMENT AND PROCEDURE

For the 1967 tests Cockshutt Farm
Equipment of Canada Limited pro

vided four tractors for the tests.
These were as follows:

1. Cockshutt 1850 single with
18.4-34 rear tires.

2. Cockshutt 1850 dual with 18.4-
34 rear tires.

3. Cockshutt 1850 4-wheel drive
with 18.4-38 rear tires and 14.9-
26 front tires.

4. Cockshutt 1950 single with 23.1-
30 rear tires.

For the 1968 tests the J. I. Case
Company Limited provided three
tractors as follows:

1. Case 830 single with 18.4-34
tires.

2. Case 830 dual with 18.4-34 rear
tires.

3. Case 1200 4-wheel drive with
18.4-34 tires.

The power-take-off horsepower was
measured with a commercial shop
type dynamometer and is given in
Table 1. Field measurements ob
tained were drawbar pull, travel re
duction and forward speed. A dyna
mometer cart with a hydraulic cylin
der and a recording pressure gauge
was used to measure drawbar pull
provided by towing another tractor
in gear against compression. Wheel
revolutions were recorded on the
same chart paper with an event timer.

TABLE I. POWER-TAKE-OFF H()RSEPO

PTO

WER OF TRACTORS

Tractor Horsepower* (maximum)

Cockshutt 1850 Single 95.5
Cockshutt 1850 Dual 97.0
Cockshutt 1850 4-wheel drive 99.5
Cockshutt 1950 single 106 (est.)
Case 830 Single 68
Case 830 Dual 68

Case 1200 4-wheel drive 120 (est.)

*cornmercial shop dynamometer
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TABLE II. STATIC FRONT AND REAR WEIGHTS FOR TRACTORS
IN FIGURES 1-6

Fig. 1850 S 1850 D 1850 4WD 1950 S
Nos . Front Rear Front Rear Front Rear Front Rear

1 3280 10050 3240 10050
2 3290 9990 3360 9970 5920 9990 _ _

3 3290 9990 3360 9970 5920 9990
4 3640 9860 6000 10300
5 5920 9910 3680 12240
6 5920 9910 3680 12240

*S-sj.ngles; D-dual s; 4WD- 4-whee1 drive ,

TABLE III. STATIC FRONT AND REAR WEIGHTS FOR TRACTORS
IN FIGURES 7 -10

Fig.
Nos.

7

8

9

10

830 S

Front Rear

830 D

Front Rear

1200(F)

Front Rear

1200(NF)

Front Rear

2560

2560

2 610

9720

9720

2 540

2 540

9600 2600

9700

9700

9620

11050

11050

10980

9460

9460

9450 8730

8730

6590

6570

*S-singles; D-duals; F-four wheel drive with fluid,
NF- four wheel drive with no fluid.

Travel reduction was obtained by
measuring the chart distance for ten
turns of the wheel (under load) and
relating this to the chart distance for
ten turns at no load. The chart re
corder was powered by a third wheel
driven by one of the cart wheels.
Forward speed was obtained by con
verting the chart distance to feet of
travel, multiplying by 0.682 and
dividing by the time (in seconds) re
quired to travel the distance.

Overall rolling resistance measure
ments were made by towing the trac
tors in neutral. This value combined
with previous rolling resistance data
for front and rear wheels provided
rolling resistance coefficients for use
in the traction analysis. Other data
used in the analysis included physi
cal measurements such as drawbar
height, wheelbase, front and rear
tractor weight, etc. Tables 2 and 3
contain static front and rear weights
for results presented here.

RESULTS AND DISCUSSION

Part A - 1967 Tests

The results were plotted as draw
bar horsepower and percent slip
(travel reduction) versus drawbar
pull (pounds). An extension publica
tion entitled "1967 Traction Tests"
(3) was prepared for use by farmers
and farm machinery dealers. Only
portions of the tests are included in
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this paper but the complete publica
tion can be obtained from the
authors.
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Figure 1. Drawbar horsepower and slip
(travel reduction) vs. drawbar pull (singles
vs. duals) on Osborne clay fallow.
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Figure 2. Drawbar horsepower and slip
(travel reduction) vs. drawbar pull (singles
vs. duals vs. 4-wheel drive) on Altona fine
sandy loam fallow.

Figures 1, 2, 4 and 5 show the pull-
slip-horsepower characteristics of the
four tractors. Figures 3 and 6 are co
efficient of net traction-travel reduc
tion curves for the tractors in figures
2 and 5. The coefficient of net trac
tion, for the two wheel drive tractors,
is the drawbar pull plus front wheel
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Figure 3. Coefficient of net traction vs. slip
(travel reduction). Singles vs. duals vs. 4-
wheel drive on AJtona fine sandy loam
fallow.
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Figure 4. Drawbar horsepower and slip
(travel reduction) vs. drawbar pull (singles
vs. 4-wheel drive) on Osborne clay fallow.

1000 Z0OO SOOO 4000 SOOO 6000 TOOO SOOO

DRAWBAR PULL-POUNDS

Figure 5. Drawbar horsepower and slip
(travel reduction) vs. drawbar pull (singles
vs. 4-wheel drive) on Osborne clay fallow.
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rolling resistance divided by the dy
namic rear wheel weight (weight
transfer was obtained by mathemati
cal calculation). For the four wheel
drive tractor (4WD), the net trac
tion coefficient is the drawbar pull
divided by the total tractor weight.

The performance of the 1850 single
and 1850 dual with equal total rear
wheel weights (10,050 lbs.) is com
pared in figure 1. The rear tires of
the single wheel tractor and the in
side rear tires of the dual wheel
tractor contained approximately 90%
fill of Ca Cl2 solution and a pressure
of 16 psi. The outside rear tires of
the dual wheel tractor were air filled
to a pressure of 14 psi. Up to 16%
slip (travel reduction) there was very
little difference in tractive perfor
mance. The soil surface was clay
fallow with a loose dry top crust.

The 1850 single, 1850 dual and
1850 4WD with equal rear wheel
weight are compared in figures 2
and 3. The 1850 4WD developed 11
to 12 more drawbar horsepower than
the other tractors. The pull-slip
(travel reduction) curve shows the
effect of increased weight on the
driving wheels.

There was very little difference in
slippage or net traction coefficient
between the singles and duals. The
dual wheel tractor had a slightly
larger rear wheel rolling radius and
therefore had a higher forward speed
and produced slightly more drawbar
horsepower at a given drawbar load.
The soil surface was cultivated fine
sandy loam.

A comparison is made between the
1950 single and the 1850 4WD in
figure 4. The soil surface was clay
fallow with a loose dry top layer.
The 1950 had approximately eight
more horsepower available at the
PTO yet could not develop as much
drawbar horsepower as the 1850
4WD in the gears tested. Maximum
drawbar horsepower was obtained
with a slip (travel reduction) con
siderably over 20%.

Another comparison between the
1950 single and the 1850 4WD is
given in figures 5 and 6. The soil
surface was dry clay stubble. An
additional 2,140 lbs. of ballast was
added to the 1950. The drawbar
horsepower developed by the 1950
was approximately equal to that of
the 1850 4WD when both tractors
were operated in fourth gear. In

18

third gear the 1950 could not utilize
the maximum engine horsepower
available. To make full use of engine
power, the 1950 would have required
more weight to reduce the slippage
to about 16%. The coefficient of net
traction curves were similar up to
16% travel reduction indicating very
little difference between tire combi
nations.

The maximum tractive efficiency
obtained in the 1967 tests was 67%
with the singles and duals and 72%
with the four-wheel drive. These ef
ficiencies were obtained at slippage
of approximately 16% with the
singles and duals and 10% with the
four-wheel drive.

Part B - 1968 Tests

The results are presented similar
to Part A. A bulletin (3) describing
the 1968 tests in more detail is avail
able.

The performance of the 830 single,
830 dual and the 1200 4WD on a wet
clay stubble field which had been

SLIP (TRAVEL REDUCTION) 31

Figure 6. Coefficient of net traction vs. slip
(travel reduction). Singles vs. 4-wheel drive
on Osborne clay fallow.
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Figure 7. Drawbar horsepower and slip
(travel reduction) vs. drawbar pull (singles
vs. duals vs. 4-wheel drive) on Osborne clay
stubble (approximately 50% moisture d.b.).
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Figure 8. Coefficient of net traction vs. slip
(travel reduction). Singles vs. duals vs. 4-
wheel drive on Osborne clay stubble.
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Figure 9. Drawbar horsepower and slip
(travel reduction) vs. drawbar pull (ballasted
and unballasted 4-wheel drive) on Osborne
clay stubble.

disced the previous fall is given in
figures 7 and 8. The maximum trac
tive efficiencies of the single and
dual wheel tractor were both about
56%, although the dual wheel trac
tor had an 18% higher pull at 16%
slippage. This allowed the 830 dual
to reach its maximum tractive effici
ency at a lower forward speed. The
1200 4WD had a maximum tractive
efficiency of about 59.5% and a net
traction coefficient equal to that of
the 830 single.

The higher net traction coefficient
produced by the 830 dual is attrib
uted to the increasing shearing area
of the extra tires operating on a co
hesive soil. The reason for the 4WD
tractor not producing a higher trac
tion coefficient than the 830 single
is probably because the slippage of
the front wheels partially sheared the
soil, thus reducing the cohesive
strength available for the rear wheels.
The reduction in soil strength avail-
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able at the rear wheels was balanced
by the reduction in rolling resistance.

The effect of ballast on the 1200
4WD was also investigated. Figure
9 shows the performance of the trac
tor with and without fluid in the
tires. The traction coefficients are
almost identical, indicating a negli
gible effect from "load factor"*. A
tractive efficiency advantage was ob
tained in second and third gears with
ballast but in fourth gear (about 5
m.p.h.) no advantage was gained.
The maximum tractive efficiency was
about 63%.

Figure 10 is another comparison of
the 830 single, 830 dual and 1200
4WD. The disced clay stubble field
had a moisture content of 40% as
compared to 50% for the comparison
in figure 7. Drawbar pull for the dual
wheel tractor was 14% higher than
the single wheel tractor at 16%
slippage. The advantage was less
than in figure 7 since the soil was
drier and had lost some cohesive
strength. Tractive efficiencies were
55% for the single and dual wheel
tractors and 62% for the 1200 4WD
tractor.

SUMMARY

Under non-cohesive soil conditions,
single and dual wheel tractors per
formed equally well at slippages in
the normal working range. On wet
clay soils (cohesive), the duals in
creased traction by as much as 18%.
No significant difference in tractive
efficiency or rolling resistance was
observed in any of the tests between
singles and duals.

The 4WD tractors produced trac
tion coefficients equal to those of the
2WD single tractors. The 4WD trac
tors showed slightly higher tractive
efficiencies due to lower rolling re
sistance and because they reached
their maximum tractive efficiency
near 10% slip instead of 16%.
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static weight for the same pressure.
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