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BEXTRIPIZ ohiEZEZ o5, UL, 2RICEETH -7 1990 FE TN
KEBABERAONE N1z (X6 -5). NEOEA, ABEWMTOBRKENDIL

=k 50—



HEKDMF EA EDFTERTNE, MEBEOR THREZNWONMITEIEFIHLVEEZS
N5, 172, AMHIRDEE T RRIT/NZDERTD 3 ~ 6 HIZn i TERIKENZ DT,
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., MLEiE 300kg/10 - 7). REDE
SROTHhOE LM, W BOBIICARNICH D 2 07, MBEELANIHRI
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40785 5 7 5yabe || T 9.0 381. 2 1052. 7 404. 7
1 M- R | 5/24 | 727 8.9 349.7 1045. 0 325.7
it A5 2 5/23 | 68.3 8.3 289. 6 820. 7 245. 0
AL 5/24 | 68.8 8.6 298. 8 776. 3 299. 3
A8 B 22
Fuusk  5/25 | TL.7 8.5 351. 3 808. 3 302. 7
A ift e 5/24 | 72.8 8.8 366. 9 853. 5 313.5
2 | AOEWERE, 5/25 | 79.8 8. 4 479. 5 1113.0  446.0
fHEALER
R UL 5/23 | 69.3 8.4 315. 2 765. 3 303. 0
Lifi%d® | 5/23 | 62.5 7.9 286. 4 543. 0 174.5
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Improvement of Traction Performance and Trafficability of Farm Machinery

Masahiro KAMEI

Summary

In order to improve the traction performance and trafficability of farm
machinery such as the tractor, this paper sought to clarify kinetic and dynamic
characteristics of a rigid lugged wheel running on soft ground. As well, sole pan
management technology for efficient farming drainage in paddy fields, while
maintaining the sole pan for stable running of farm machinery, was developed.

First, to analyze the dynamic characteristics of the rigid lugged wheel, a
special test lugged wheel was made, which enabled us to measure soil reactions
acting on the lug and the rim independently and simultaneously. Then soil
reactions were measured on the soft soil. The influence of differences in the lug
tip angle and slippage upon net traction, sinkage, etc. was shown and the
optimal lug tip angle was obtained through kinetic analysis and experiments
with the rigid lugged wheel.

admissible slip-line fields were proposed, them
according to a failure condition of soil, a friction condition of soil-lug interface,
and a state and kinetic direction of the lug. Soil reactions acting on the lug were
calculated based on each slip-line field. While a good approximation of theory to
experiments for waves of horizontal and vertical force was obtained qualitatively,
a more precise analysis is desirable for a quantitative prediction.

To develop the sole pan management technology, the trenching underdrain
method was proposed, by which drainage is promoted by trenching in the sole
pan, and drainage improvement was clarified through a model test and field
tests. Also a trenching underdrainer, which can be used with medium- or small-
sized tractors, was made and tested via the construction of the trenching

underdrain in a paddy field. Although this resulted in only a small improvement
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in the rate of work, tractor seat vibration was reduced, compared with a
vibrating mole drainer. The following are the summary and conclusion of each

chapter.

[Chapter 1]

The currently used running devices of farm machinery such as the tractor
were classified. Based on this classification, a special test lugged wheel was
made, which enabled us to measure the force acting on each rigid lugged wheel
during running.

The running devices of farm machinery are divided into wheels, tracks and
auxiliary wheels. At present in Japan the running device used for tractors are
mainly rubber wheels (pneumatic tires), while iron wheels, tracks and auxiliary
wheels are used on soft ground.

The special test lugged wheel has a simple structure consisting of an L-
shaped angle, a flat plate, pipes, etc. and the force and the moment acting on a
lug, the rim and the axle of the rgid lugged wheel can be measured
independently and simultaneously. The lug is removable, and the lug tip angle,
the number of lugs and other conditions can be changed. The force acting on the
axle and the axle torque are measured by three sets of strain gauges attached to
the pipe and the force acting on each lug and the rim and the acting point are
measured by three sets of strain gauges attached to the "L-shaped" arm.

The attached strain gauges, based on the measurement principle, were
calibrated and the force acting on each rgid lugged wheel could be measured
quite accurately by taking account of the influence of the empty weight of the

measuring equipment.

[ Chapter 2]
The basic characteristics of the rigid lugged wheel were measured using the
running test equipment, which can move freely only in the perpendicular

direction in relation to the truck by employing a slide bearing mechanism and
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the special test lugged wheel described in Chapter 1, while changing the lug tip
angle and slippage in succession on the soft soil.

First, the soil reactions acting on the lug and the rim were measured and the
resultant waveforms of these reactions were calculated. These waveforms
corresponded closely to the waveforms of the force measured at the axle and this
special test lugged wheel had the appropriate accuracy.

The soil reaction acting on the rim was up to 60% of that acting on the lug, the
rim was important for designing a rigid lugged wheel. The larger the lug tip
angle, the larger the rates of both the net traction and the dynamic contact load
shared by the lug.

Net traction, coefficient of traction, and axle torque increased with increasing
slippage and they were bigger when the lug tip angle was smaller. Tractive
efficiency reached a maximum at about 15% slippage. In particular, it had its
highest value with a lug tip angle of 1.047rad {60° }. It was judged
comprehensively that the highest performance of traction and trafficability were
obtained with a lug tip angle of around 0.698rad {40° } on soil with a high void

ratio.

[Chapter 3]

The kinetic characteristics of the rigid lugged wheel running on the road were
clarified in order to achieve a rational design of the rigid lugged wheel. In
particular, the kinetic locus of the rigid lugged wheel running on the soft soil was
examined, the vertical motion of the wheel was measured in a running
experiment, and a locus equation based on the experiment was obtained.

The following three types of motion of the rigid lugged wheel are possible
depending on the condition of the field surface:

1) Motion in running on a rigid surface such as concrete pavement.
2) Motion in running on terrain with large sinkage such as a ponding paddy field.
3) Motion in running on ground with a state between 1) and 2).

In particular, from the experimental results of case 3), it 1s supposed that the
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vertical motion of the rigid lugged wheel in the perpendicular direction can be
expressed as a sine function and the locus equation centering around the axle
was proposed.

The kinetic locus of each rigid lugged wheel was obtained from the locus
equation, its speed and acceleration were calculated and its motion was
analyzed in the soil. It was found that the most effective lug is one whose lug tip
angle moves approximately in the vertical direction in relation to the lug surface.
Also, the most effective lug tip angle was placed at around 0.698rad {40° } by
examining the direction of soil reaction acting on the lug. In this way, theoretical
analysis of the motion of the rigid lugged wheel allows this type of wheel to be
designed rationally.

[Chapter 4]

In order to theoretically analyze soil reaction acting on the lug, the slip-line
fields were classified and the states of failure stress acting on these slip-line
fields were analyzed. Soil reaction acting on the lug of the rigid lugged wheel
was analyzed by introducing the slip-line method and the analyzed results were
compared with actual measurement results.

When a plane lug penetrates into the soil, different slip fields will be
generated depending on the failure condition of the soil, the friction condition of
the lug surface, the sinkage of the lug and the inclination and kinetic direction of
the lug. Accordingly, a slip-line field corresponding to each condition was
proposed. In particular, the expression of the angle of expansion of logarithmic
spiral was used in order to specifically stipulate the slip-line field. Based on this
slip-line field the state of failure stress was calculated at an arbitrary point of
the ship-line field under the lug surface. Furthermore, the lug contact lengths
were classified and analyzed using the proposed slip-line field and the soil
reaction acting on the lug surface was calculated, taking account of the state of
failure stress.

When the calculated values were compared with the actual values, it was
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found that they corresponded quite well qualitatively. In particular, they
corresponded best when slippage was small, with lug tip angles of 0.524rad
{30° } and 0.698rad {40° }. However, they did not correspond to each other very
well quantitatively. More accurate analysis must be done in the future, taking
account of changes in strength with both soil deformation and the fluctuation of

machine body sinkage with wheel rotation.

[Chapter 5]

A sole pan management technology, which ensures high crop productivity in
both paddy fields and upland fields, was developed in order to improve
comprehensive productivity in a multipurpose paddy field.

The trenching underdrain method, which promotes drainage by trenching a
drain of about 30cm in depth from the soil surface and 5cm in width, and
returning the excavated soil, was proposed. Water on the sole pan is drained
through this trench to the main underdrainage or to the lower layer. It was
confirmed from the model test using lysimaters that the improvement of
drainage capacity would be equal to that of a mole drain by excavating trenching
underdrainage on the sole pan.

A pilot trenching underdrainer was made, in place of a vibrating mole drainer,
which is used for farming drainage, and a field test in a rotational paddy field
was conducted to investigate its performance. This machine was a direct
mounted type, using the existing rotary frame with excavating chains mounted
on the right and left of the rotary shaft. It can excavate two trenching drains
simultaneously. It results in less vibration to a tractor seat than a vibrating

mole drainer and it can be used with a 15kW{20 PS} class tractor.

[Chapter 6]
The drainage effect of the trenching underdrain method described in Chapter
5 was confirmed through a field test and the effects of this method on

trafficability of farm machinery were also investigated.
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As a result of the field test using the trenching underdrainer, which has
solved the problems of the existing underdrainer, it was found that a better rate
and quality of work can be when the trenching underdrainage 1is
constructed on a relatively hard soil surface such as that of a paddy after rice
has been harvested.

It was confirmed that soil hardness and saturated water interpenetrating
coefficient of trenching drainage were maintained to an extent similar to the
plow layer after fourth harvest since the trenching drains was constructed and
that rainwater moved to the lower layer passing through the trench. This
demonstrated the improvement of drainage. An investigation of changes in soil
moisture on the sole pan over time yielded similar results.

When the field in which the trenching underdrainage was constructed was
turned back into a paddy field, the increase of water requirement in depth was
avoided by paddling more carefully than usual. The trafficability of farm
machinery on the sole pan in which the trenching underdrainage was
constructed was the same performance as that on normal sole pan at the time of
paddling and rice transplanting. It was possible to improve drainage while

maintaining the sustaining capacity of the sole pan.
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