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ABSTRACT

The maneuverability of three ground-drive devices has been investigated
and compared within straight-line and angled traffic passes in the Egyptian rice field.
Three series of comparative maneuver lesls were carried out, comgrising the
comparisons between the crawler, pneumalic tire, and stee! lug wheel types. The
straight-line molion has been lested over 3 different soil moisture cantents and at 5
different forward speed levels. Whiles, the angled motion have been studied as it's
affected by tight and wide turning angles at the rice field boundaries.

The maneuverability of the tested running devices was evaluated and
cormpared in terms of the lugging ability of the wvehicle, and the soil compaciion
deduced by running each device in each maneuver test.

The results summarized in the following poinis: -

Comparing the crawler, and sleel lug wheel types, the crawler was less
lugging ability and more damaging the soil at the rice field boundaries.

The average propelling resistance of the angled pass exhibited of about 1.1-
1.16 times that propelling resistance of the straight-line motion.

During the maneuvering by crawler, pneumatic tire, and steel lug wheel, the
averages of vehicle engine loading were as 1.58, 3.72 and 1.21 kWion weight of the
vehicle respectively. The wider turning radius reduced the soil Jamage (compaction),
and satisfactory the propelling force requirements.

INTRODUCTION

The surface of paddy fields must be puddle immediately before
transplanting until it is a semi-liquid mud condition. In addition, at the seasons
of lilage for the next crop, where it is saturated or flooded conditions. This
environment presents very unfavorable conditions for operating the farm
vehicles. That is because of the slippage of tires and adhesion of sticky sail
Taylor et al., (1982) showed that on a muddy surface of the rice field, the
coefficient of traction is lower, and travel reduction of the farm vehicle is
higher than normal. Qida et al {1991) reported that the paddy field soil, is
non-homogeneous, Since its properties such as moisture content cohesion
and adhesion shear resistance and friction angle of the whee! interface are
different in the respective soil layers.

During the tast three decades, many vehicle kinds of tractors, and self-
propelled equipment of diferent ground drive devices have been operated in
the Egyptian rice field. Witney (1988) reported that the ground-drive device of
the farm vehicie must fuifii three requirements, namely: - traction; fiotation:
and maneuverability. In fact the traction performance of different running
devices, has already been invesligated, in some details in a lot of literatures
(Wong et al (1984); Baladi, and Rohani (1984); and Itoh, and Oida (1990).
Also, greater emphasis has been given to tha way in which, the traction
requirements interact with those for flotation however the additional weight
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necessary to increase the traction effort developed by the wheel ar track
causes soil compaction Abdel-Mageed et al (1969).

For mechanizing the Egyptian rice field, which is primarily small-size
holdings, it is necessary to seiect high maneuver ability vehicle. That is
because the operated vehicles normally make turns by applying the brake
either in the inside crawler of combines or in the front-inside wheel of the
rubber wheel tractors. The braking spols of the ground drive devices in the
rice field are often damage due to the slippage of the running device.
Milyahara, M., and Onishi, N (1995}, indicated that the steeping force of the
brake pedal required 21 a lire is about 98 to 147 N or almost as big as that
required for making an emergency stop of a car. They indicated that this
makes more difficult in other subsequent works in the rice field due to the sail
compaction. They concluded that the final (proper) size of the most ground-
drive device of the vehicle might be such that the overall width of the vehicle
exceeds the legal limit for maneuverability on the headiand and in the farm
steering.

In fact, numerous investigations have been carried out on factors
affecting compaction; these have been wall summarized ASAE, and MSAE.
The investigated factors included the soif moisture content, the vehicle load,
the tire inflation, and the vehicle speed. EL-Sahrigi, and Abo-Habaga, (1993)
indicated that the surface of paddy fields is susceplible o compaction.
Consequently the ¢rop yields can be depressed by that compaction damage.
Hence the tractors and the other farm vehicles which are operated on these
soft surfaces need the specially made running devices used with tires or
instead of tires.

Tanaka, (1984), indicated that in the paddy fields, vehicles will begin to
lose their mobility, when the sinkage rises above 10-15cm. He showed that
the steel open lug wheel, or the flocated lug wheel can cross even on the
muddy soil surfaces by catching the comparatively hard layer under the soft
layer by the lug tip. with help of easy sinkage. But in sgil surface conditions,
where there is not the considerable hard under-layer strong enough to
support the vehicles, immobilization may be occurring. He conciuded that on
these surfaces, the vehicles, of less ground contact pressure like the vehicles
with tracks or with floats must be used. He mentioned that rubber tracks are
used as the running devices of the combine harvesters that are usually work
on soft, moistenad surfaces, Thal is because tracks have a low ground,
contact pressure of 10-20 KPa ({0.1-0.2 kg/cm2),

In fact, Dudzinski {1984) reported that maneuverability is one of the
major performance characteristics, which determines both vehicle travel
safety, and performance efficiency. He defined the maneuverability as a set
of properties characterizing the vehicle capability to move following precisely
the trajectories set by a driver. He added that to study vehicles maneuver
there are two viewpoints upon which, the wvehicle maneuverability is
cansidered. One is to study the energy perforrmance of a traction device in
relation to its design parameters and fefrain conditions. The energy
performance of a driven traction device is usually defined by its pull, motion
resistance, sinkage and slip in refation to its normal load, input terque and
angular speed, That performance is of prime interest to all vehicle users.
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The second application is the prediction of the changes of soil
conditions caused by the passage of the ground device. This is of great
interest to agricultural engineers in the evaluation of soil compaction caused
by farm vehicles, and to construction equipment engineers in the assessment
of the effectiveness of roller compactor.

Voohees and Walker (1977) found that the first pass of a wheel on
loose soil did about 80 percent of the total compaction, which resulted from,
passes in the same spot. Raghavan et al,, (1978) found that the compaction
in a clay soil reached a maximum between 15 and 25% wheel slip. He found
an increase of dry density from 0.25 to 0.48 gfcm3 occurred due to wheel
slip. Taylor et al. {1982) measured the bulk density and sinkage during 4
passes of tire for 3tilled soils and 2 dynamic loads. They found that 75% of
the bulk density and almost 90% of the sinkage occurred on the first pass.
Siemens, (1989) indicated that the surface contact area of the track was
several times more than pneumatic tire. He also reported that stresses
applied by a track were only approximalely one-haif that of the pneumatic tire.
He indicated that the increase in soil compaction due to traffic would be
greatest when the moisture content is near field capacity.

The Japanese iype combines are primarily used to harvest rice in
Egypt. Haruo ESAKI (1984) showed that the Japanese combines are
eguipped with crawlers with a mean ground contact pressure as low as 15-25
KPa (0.15-0.25 Kgt /em?). He added the ratio of length to width of the
crawler's ranges 3.2 to 3.5. While its weight {W) ranges between 400-and
3000 Kg. Also, that combine weight W is comrelated with the cutter bar length
Lec {em) as follows; W=2Lc-550 He added that the position of the static
center of gravity of them is positioned at a distance Gz (cm) equal to the
product of ground contact fength of the crawler {cm) by a constant value
ranges between 0.55 and 0. 90.

From the forgoing review, It is confined that the time of passes
increases Dy increasing the overlapping of traffic passes, which is occurred
mainly at the field boundaries. It is also confined that time increases by
increasing the shp ratio  during the straight-line motion. That may be [ead to
increasing of the vehicle sinkage and the soil bulk density. Consequently the
soil compaction beneath the traffics of the high slip may be increased.

Looking ahead, it appears that knowledge about the maneuvering
process  of the running devices in the rice field (especially in Egypt) is
indispensable for a manger aiming to the optimum ground-device
performance. Hence, the obieclive of the present study has been proposed to
provide guiding principles for the rational selection of the best running device
design to suit the maneuver in the rice field. We mainly focused on the
propelling resistance and the soil compaction, which are coupled to the
maneuver of three different running devices as they perform ditferent
maneyver systems under different soil moisture conditions in the rice field.

MATERIALS AND METHODS

The present study investigated and compared the maneuverability of
three differed running-device vehicles within straight-line and angled
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maneuver molions over different moisten pattern in the Egyptian rice field.
These devices were being deduced, as they are equipped to their self-
propelled vehicles.

The tested vehicles: -

The main specifications of the running vehicles and their coupled
ground drive devices are shown in table (1). These vehicles are designed in
Japan, and introduced to Egypt throw the collaboration of the Japanese
International Cooperation Agency (JICA), and the Agricultural Engineering
Research Institute (AENRY).

Table (1): the main specifications of the tested running vehicles
Lugged wheel Crawler
, items Rubber wheel tractor tractor J combine
[Model M 750007 2500--5PR | _RX 2160-U_|
Weight ton  (KN) 2.57(25 26) 0.829 {8.14) 1.53{15.01)
|Engine power (KWimpm) 44,77 /2700 9.70/2200 |14 7273000
b items Front Rear front | Rear Rubber 1
l Type Pneumatic |Pneumatic Steel | Steel Crawler |
| & Size 95/9-24  |16.9/14-30 Nl ]
| % [infiation, Kpa 160 120 | e | oo =
L 5 [Staticioad, KN 463 8.03 3645 | 4455 | 1501
] S [Diameter, mm 1070 1463 600 | 900
- Sec. Height, m 0.206 03
g [Len’width mm_[Wheel base=1200mm ___'Wb=1200mm __ 12127350
Contact pressure
[Kg, /emi(KPa) _|0.22 0.28 017 Joqs  [0'8008
1 Steenng Type Front-wheel Power i Skid
it is to be noted that all the

attachments of tested vehicles were not
inciuded in the tests, and only the types
and the sizes of the running systems are
considered in this study. For example the
combine had the cuter bar attachments,
and the steel wheel tractor had the
transplanted attachments but they were
not in use Fig (1). Also for the steel wheel
tractor the circular ring plate connects the
float type lugs, and the lugs can be folded
to the direction of the center of wheel
when the tractor runs orto be tested on
the hard surface or paved road.
The mobility patterns: -

The tests were carried out in rice fields in an area of two feddans at”
Rice Mechanization Center" farm, at Meet El-Deeba. Kafr El-Shiekh
Governorate”. The field was just as it was left after the rice had been
harvested.To determine the particle size distribution, cacao, organic matter
and soil textural class (table 2), soil samples were collected through the depth
{0-30 cm) and analyzed according to Rowell (1994).

Fig (1): The tested steel
tractor without
attarhmants
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Table (2); Soil analysis of the experimental field

Clay Silt Clay+ Fine | Coarse | CaCOa | Organic | Soil
% % Silt Sand Sand Matter Tex.
% Ya % % % Class
52.31 17.88 70.19 26.82 2.99 1.43 0.91 Clay
Methodology

Three groups of experiments were planned to study that
maneuverabllity. Every group was performed in every soil moisture content
conditions. Since the treatments and their replicates of each individual group
were performed over a series of soil moisture conditions from wet to dry. The
averages soil moisture content of the mobilly paterns were three
approximate levels of 50.4, 45.7 and 38.5% (db). The soil moisture content
was determined as an average for s0il samples that were taken from three
different depths {0-10}, (10-20} and (20-30) cm. It was estimated according to
the screw auger method of Rowell (1994).

The first group of experiment

That group included 72 comparative tests. It was perforrmed in both
straight-line, and angled motions to look into the effects of four mobility
pattern conditions and three propelling speeds on the lugging ability of the
tested devices. It should be noted that lugging ability is the measure of the
capability of the ground drive system to overcome load increase in the field
caused by the condition of the mobility pattern and by the propelling speed.
Hence, three factors are considered {o evaluate that ability. These factors are
the propelling resistance (PR) (to propel the vehicle at zero-load) the,
propeliing coefficient (LC), and the increment rate in lugging ability (LR%).

In order o determine the propelling resistance (PR) an auxiliary
tractor was used to pull each tested vehicle over various surface conditions in
both straight-line, and angled mation. The investigated surface conditions
were pavement and 3 paddy surfaces at moisture contents of 50.4,
45.8,and38.5% respectively. Hitching a spring dynamometer 1o the drawbar
of that tractor made the pulling tests. Hence the pulling force to propel the
tested vehicle was measured at starting and when operating the auxiliary
tractor at low and high fuel governor setting in the first gear. In the straight-
line motion each lested vehicle was pulled for a 50m long. While in the
angled motions, the pull was inspected when the auxiliary tractor was turning
on the circumference of a pre remarked circle of about 30 m diameter over
the above mentioned surface conditions Fig {2),

For purposes of direct comparison the propelling resistance (PR} is
expressed in KN of pull per ton of vehicle gross weight. It is quotient of the
measured pull divided by the weight on the driving members. That weight, in
the case of crawler device, being the weight of the combine itself
15.01KN(1.53 ton). While the corresponding weights in the case of the steel
and the rubber wheels are about 8.14and 25.26 KN (0.829and2.57tons)
respectively.
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The coefficient of propelling {£C), could be estimated as the ratio of
the propelling resistance (PR} divided by the vehicle weight. While the
decrement rates in lugging ability was verified by determining the increment
{tR%) of the propelling resislance. That could be estimated by dividing the
difference between the propelling resistance obtained over a certain field
moisture condition (PRm) and the corresponding resistance obtained over
pavement (FRp) by (PRp) as follows: -

_PR® - PRP 400 b (1)

fR% =
° PRp

The second group of experiment

That group included 15 self-propelling tests for each of the tested
vehicles themselves. It was performed to show, on one end, the changes of
vehicle slip (SL%) as affected by ihe running speed and soil moisture
content. On the other end to show the soil compaction coupled with that slip.
That could be done by driving each tested vehicles only in straight-line motion
at five forward speed levels of about ©.42, Q.55, 0.69, 0.83, and 0.97 m/sec
over the three different soil moisture content levels.

The soil compaction, induced by each device, was determined after
passing the vehicle; it could be explored in terms of the change in soil bulk
density (BD), which were taken beneath each running device. The, (BD), was
estimated according to the methed of Rowell (1994).

The third group of experiment

The braking spots of the ground drive devices in the rice field are
often damage due to the stepping forces of the running device. Fig (3) shows
that multiple traffic (wheel or crawler) passes are occurred on the same track.
Hence other series of 18 comparative tests could be set up in angled turning
metion at the rice field boundaries. These tesis was o look into the effects of
the overlapping of traffic passes on the soil bulk density (BD) and the soil
surface encountered sinkage depth (2} over thee different moisture
conditions. The parameters (Z) and (BD) were measured mainly in the
braking ZOHES after two angled paths. The first of resulted from turning at
angle of 909 {Sharp or tight turning. That path type is shown in Fig (3) by the
numbErs 15,and 17. While the second path resulted from turning at angle of
180 ° (wide turning) is shown in Fig (3) by the numbers 7,9,11,and 13. It
should be noted that parameter Z was measured from the base area of the

6350



J. Agric. Sci. Mansoura Univ., 27(3) September, 2002

soil surface. The eHects of the lested devices on sinkage was characterized
by a sinkage improvement factor, {ZF) which was estimated as foliows:

Z2-21
21
Where Z1 is the sinkage depth per lon weight of the vehicle in the
straight-line paths of Fig (3), and Z2 is the corresponding sinkage depth at
lhe rice field boundaries. Logically, The ground drive device that will be
exhibited high (Zf) values will be evaluated as less maneuverabilily device,
and vice versa.

ZF = 10¢.... % . {2)

. —
f:.; £ a2 4@0 o
o @ 3
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© Zanes of braking the inner wheel

Fig (3): Zones where the changes in soil bulk densities and sinkage
depghs were expected at different turning angles of 90°, and
180

RESULTS AND DISCUSSION

The maneuverability was inspected in both turning and straight-line
motions. The results of the comparative performances of the three tested
drive devices may be visually assessed from the following headings: -

1- Effects of the running devices on the vehicle lugging ability-:

Table (3) shows the averages of typical propelling resistance (PR)
data, which accomplished the three, tesled running vehicles under different
maneuver conditions. These data are labulated in descending order of the
average pull obtained from 3 replications for each of 72 pulling tests. it may
be observed that (PR) of the steel wheel tractor exhibited the lowest values
over the four tested surface conditions and at any pulling speed. That
resistance reaches its lowest value (0.45 kN) over the pavement surface at
high pulling speed. While it attains its peak value (1.27 kN} on the paddy field
of 50.4% moisture content at the starting of angled pull.

The highest prepelling resistance values can be seen as the
pneumnatic tire is pulled at any speed over moisture content of 50.4%.
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Table (3): The propelling resistance and coefficient of propelling
coincided the 72 comparative pulling tested.

Maneuver variables The propelling resistance and coefficient of
propelling coincided the tested vehicles, of
different maneuvering conditions
Crawler of1.53, | Steel of 0.829 Pneumatic of
Mobllity | Motion |Speed ton{1 S_OTKN{ tOﬂ(B.14KN( 257t0n(25.25KN{
pattern | conditlon| PR. | Coeff. | PR. | Coeff. | PR. Coeff.
misec) (KN) | (Ec) [(KN)| (Ec) |(KN) | (Ec)
stat | 0.98 | 0085 [0.57 | 0.070 [ 1.389 | 0.055
Straight | low | 0.78 | 0.052 [0.51| 0.063 | 1.162 | 0.046
z high | 0.75 | 0.050 |0.45[ 0.055 | 1.010 | 0040
£ Average 084 | 0056 |0.51| 0.063 | 1.187 | 0047
S stat | 1.07 | 0072 |0.66| 0081 | 1424 | 0.056
& | Angled [fow | 0.88 | 0.057 | 059 | 0.072 | 1.191 | 0.047
high | 0.83 | 0.055 |0.51 [ 0.083 | 1.036 | 0.041
Average 0.92 | 0.081 |0.59 | 0.072 | 1.217 | 0.048
start | 2.33 | 0155 |1.11] 0.136 | 9.851 | 0.390
s Straight | tlow | 221 | 0147 |1.04 | 0.128 | 9.346 | 0.370
o Q high | 210 | 0140 | 098 | 0.121 | 8.346 | 0.370
2 i Average 221 | 0147 |1.04| 0128 | 9615 | 0.377
e start | 256 | 04171 [1.27 | 0.156 | 10.10 | 0.400
S8 | Angled [ low | 2.43 | 0162 | 1.20| 0.147 | 958 | 0.379
e high | 2.31 | 0154 | 1.13] 0.139 | 958 | 0.379
Average 2.43 0.162 | 1.20 | 0.148 9.75 0.336
start [ 218 | 0145 [ 1.13] 0139 [ 8412 | 0.333
“ Straight | fow | 2.06 | 0137 [1.09]| 0.134 | 7629 | 0.302
oL high | 2.03 | 0135 [1.08 | 0.133 |7.805 | 0.309
22 Average 209 | 0439 | 1.10 | 0.135 | 7.848 | 0.315
F= stat | 239 | 0160 [1.30] 0.160 | 8622 | 0.341
B | Angled | low | 226 | 0151 |1.25[ 0.154 [ 7.819 [ 0.310
s high | 2.23 | 0149 | 1.25| 0.153 [ 8.000 | 0.317
Average 230 [ 0153 | 127 | 0.156 | 8.147 0.323
start | 1.98 | 0132 [ 1.02] 0125 |7.325| 0.290
= Straight [ low | 161 | 0107 [096 | 0.118 | 6.820 | 0.270
- high | 1.52 | 0461 [081] 0100 | 7.073 | 0.280
S22 [ Average | 1.70 | 0.113 |083] 0.114 |7.073 | 0.280
b start | 218 | 0.145 [1.17 | 0.144 [ 7.509 | 0.297
BR | Angled [tow | 1.77 | 0118 [1.10]| 0.136 | 6.991 | 0.277
e high | 167 | 0111 | 0.4 | 0115 | 7.250 | 0.287
Average 1.87 0125 [ 1.07 | 0131 | 7.25¢ 0.287

Greater increase can be seen in (PR) as the moisture content of the
rice field was at 50.4 %. This consequently resulted in higher values of
propelling resistance for all tested devices. It can be seen from table (3} that
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at starting and at all angled motions lower the propelling resistance becomes
quite high, as soil moisture is high That is may be due to the higher soil metal
adhesion effect, consequently the pull was increased. At high of forward
speed level the PR value attains approximately smaller than starting. That is
because the towed wheels ar crawler doas not appreciably stick or sink. At
that case the value of PR does not increase. That is may be the reason
caused the angled pulling exhibited propelfiing resistance of about 1.1-1.16
times that PR of the straight line motion,

Although the actual pull vary widely between the three compared
vehicles the relative pulling force (pull/weight) values may be of the same
order. Hence the coefficient of propelling {£C) for the tested ground devices,
could be estimated as the ratio of the propelling resistance {PR) divided by
the vehicle weight. The average values of {EC) over different mobility surface,
and at different pulling speed are cleared in fig (4) in dotted lines and are
belonging to the right Y-axis.

—a—crawler  —»— sleel
- - & - -crawler

—e— preumatic
- - © - - preumatic
s e R = (0.40

35 -
3.0 -
g25 - -
20 -
g:_'1.5 —
10 - - S T (I Ty Lt
o5 g — —— — — & - 0.10
o0 ®imia oo . 008

FEF FEE FIF FES

Propelling coefficient,
dirnen

Propelling speed stats
Fig(4}:Propelling resistance of the tested devices
per ton waight of the vehicle and propelling
coefficient under different staight line maneuver

These data show in general that the crawler and the steel tug wheel
are exhibited almost the same (£C) values over all tested surface conditions.
It may be said thatthe maneuver behavior of the steel-lug wheels is similar
for the crawler.. In the other hand it is worth emphasizing that by the use of
the pneurnatic tire is possible to double the coefficient of propelling {EC). 1tis
resulted in more than double (£C) value when compared the pneumatic tire
with the crawler ar the steel lug whee! at the paddy surface of 50.4% moisture
conient.
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The differences in the PR and (£C) values that are shown in table (3}
become more serious if recalculated the wvehicle engine load due fo the
propeliing resistance per ton of vehicle weight. That may be estimated by
multiplying the propelling resistance per ton of vehicle weight by the speed in
m/sec. Hence for example working at tm/sec in a rice field of 50.4% moisture
content the average vehicle engine loading may be as 1.58, 3.72 and 1.21
kWiton for using, crawler pneumatic, and steei devices respectively,

The propelling resistance per ton weight of the tested devices under
different surface and speed conditions is shown in solid iines in fig (4) at the
left Y-axis. The right Y-axis shows the corresponding (£C) vaiues in dotted
lines.

Also the corresponding increment ratio (ER%) in lugging ability of the
tested ground devices could be estimated according Eq (1) and shown in Fig
(5).
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F|g(5) The Increse in the proeﬂlng res:stance of the tested devices
under different maneuvering conditions

Fig. (5} shows the accepted limits of the factor £R for the three tested
ground drive devices when operating under different operation conditions. it
is easily noticed that increasing soil moisture decreased the (ER%) values
especially at starting speed. However the £R values when starting are within
the recorded £R limits at high propeiling speed !t is indicated from Fig. (4)
that operating on the three other investigated field conditions exhibited some
£R% values less than the recommended minimum £ value. Thus the suitable
ground device type under these field condition should be those speeds which
exhibited more £R% values. Thus the viable propelling should be at £R value
mare than 25% according to Barger ef al (1984). Thus from the paint of £R%
value view, the forward speed values reguired to proper propelling by the
tested devices should either equal or not exceed the following values: 1.8,

8354



J. Agric. Sci. Mansoura Univ., 27(9) September, 2002

2.16, and 2.52 for the proper operating over the rice field by crawler, steel
wheel and pneumatic tire respeclively.

That increasing each of forward speed decreased the £R% values.
However the £R% values when gperating over field at £0.4% are not within
the accepted £R% limits. But the opposite data trend of table (3) can be
noticed at starting pull That may be due to the soil-metal adhesion which is
higher in the case of the sieeland crawler devices than the pneumatic lire.
This data trend is agreed with Abd El-Mageed (1994). That stated that the
draft is always increase as the forward speed increase, and it has a linear
correlation depending on the seil type and moisture condition.

2-Effects of the running devices traffic on soil compaction

The soil compaction as indicated by bulk densily was measured under the
traffic of the running devices at different soil moislure contents and five
different self-propelled speeds of the lested vehicle. Fig (8} shows the
percent of slip accomplished the tested running devices and the soil bulk
density deduced by that slip under 3 different running speeds and 3 soil
maisture conditions. Solid lines represent the percent of slip (SL%), and the
dotted lines show the soil bulk density (ED).

- (S1%)al McS0% - =-— ({SI%)al Mca5% -m (SI%)at Mc38%

, «  (BOELMCS0% - -+ - (BdjatMc45% - - - (Bdiat Mc38% \
g e e fDHS T, RS RIS LML LATNA 4
2 o . .

R 21— Cramer .__Rigid _ ... Pneumatic.. ‘.22 B
- | ]
2 18 - o
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a 1% 2
S 12 2
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£ 8 2
c ]
3 - =
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0 ——— ——— - —_—— ——— B e ¢
ToH @ P g b S 2 o D o @
FFEFS PP T LPELS

Vehicle speed, misec

Fig {8): the percent of slip accomplished the tested running dsvices and
the soil bulk density deduced by that slip

Figure (6) indicates also that pneumatic type device gave higher
wheel slip rates than that resulted from both crawler and steel. Consequently,
the highest Increase in soil bulk densily due to slip was obtained with the
pneumatic type device and the lowesl was oblained with crawler running
devices

It can be seen that at the highest rice fteld maisture content (50.4%),
there was an inciement in Soil bulk density with increasing vehicle speed. .
Similar resulls were obtained at45.8 and 38,5% soil moisture content. That
result trend was obviously seen with the pneumatic tire tractor than crawler
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and steel ground drive devices. However, the Increment rate in bulk density
decreased at 38.5% soil moisture content.

In general, one can say that at the soil moisture range of the
experiment, the bulk density increased with increasing slip. But, the
increment rate was found to be weakening with increasing vehicle slip and
decreasing the soil moisture content. it can be seen also that the increase in
speed traffic passes causes a slightincrease in soil compaction. This trend
was more obvious with fow soil moisture. The above results are in
agreement with Siemens (1939).

The results indicated that pneumatic wheel tractor at any tested
speed resulted in the highest soil bulk density. The differences between the
effects of both crawler and the steel lug wheel, on soil bulk densily were
small. That is may be due tothe similarity in their contact pressures. That
atfributed to larger contact area of both crawler and floated steel lug wheel in
comparison with the pneumatic. Hence, the soil bulk density in the straight-
tine motion with crawler was very slightly low in comparison with the steel IUg
whes!. This is because the less differences.

On the other hand, the scil bulk density of pneumatic wheel tractor
was higher than the crawler tractor came at the and the steel lug wheel
because the contact pressure for running device for pneurnatic tractor tire
(0.28 kg/ecm2) was higher than that of crawler (0.180 kg/em2.)

it must be noted that the range of slip, which could be ¢btained with
pneumatic tire, was 10.031 to 20.52%. The correspending figures were very
small with the crawler (2.548-4 81%). While thal range of slip, with the steel
lug wheel was 624 to 1555. %. The corresponding ranges of soil bulk
density were 1,258 to 1.302; 1.270 to 1.305, and 1.55t0 1.722 g/cm3 for
running the crawler, steel, and pneumatic device types respectively at
forward speed from 0.42 to 0.97 m/sec respectively. It could be noticed that
the slip on the field of 50.4 % moisture content is much more than the others,
at any gear setting or fuel throttle opening. However, over the three
compared track surface, the average slip data were 3.4, 9.88, and 16.18% for
driving the crawler, steel, and pneumatic ground- drive device types
respectively. Generally, it can say that increasing slip ratio tends to increase
soil bulk density and the high values of moisture content magnify this effect.

3- Effect of the overlapping traffic passes on soil bulk density and
sinkage depth
The overlapping of traffic passes (muitiple inverse and forward
passes) occurred mainly at the rice field boundaries.

EHect of turning radius on soil bulk density:

Table (4) shows the soil bulk density due to the tight and wide turning
vehicular pass respectively. These data are shown as both soil bulk density
(BD) and sinkage depth (Z) are affected by the muiltiple maneuver of the
three compared ground devices over three different soil moisture contents.

It can be observed in general thatfor all tested ground devices that
decreasing the turning radius increases the contact pressure on soil and
consequently more compacticn, that may be affributed to the increase in

6356



J. Agric. Sci. Mansoura Univ., 27(9) September, 2002

braking zones due to the tight turning which causes increasing in soil bulk
density. This effect was slightly decreased by decreasing soil moisture
content and contact pressure of tested ground devices.

Table {4): Sinkage depth ceincided each tested vehicles, and scil bulk
density due to different averlapping maneuver conditions

Maneuver | d dri
conditions | The teated ground drive type
C ME Turning | crawler of Kubota | Rigid wheel . _pneumatic wheel
U8 B85 | Z Tfacior BO |z [factor BD | Z, | factor

o .
_f’“‘_j"_g_‘f Sglom3 Mm  Zf . .m3 i mm | 26 - gem3 | mm 28

907 [1437] 736 2311306 135 250! 1.710 1654 42.8
504/ 180° [1318] 621 (20311300 [ 73.1 1185 | 1.623 1159.6 406

‘Average [1.3781 67.9 | 21.7 | 1308 | 7337 222 1667 '162.5: 41.7
. 907 11321 650 | 204 1.306 | 595 17.3 1675 1458 419
1458 1807 (1314, 412 | 182 | 1.304 ' 432 168 1583 1153 39.8 .
 iAverage 1318, 53.1 | 19.3 | 1.305 : 414 17.0 | 1.634 1305/ 40.9
0" 1 308] 39 [1617[ 1298 (7.4 1431 1.566 i'ﬁoﬁiag,z f
385 1807 1305 328 | 120 | 1297 | 287 ' 115 1473 912 | 368
' Average 1.307: 36.0 | 135 1298 331 :129! 1520 , 974 | 38.0 '

“Average vehicle - 1,334 52.3 182 | 1.303 526 174 1.607 [1301] 402

The highest values of soil bulk density were obtained by the tight
turning of the pneumatic tire at the highest soil moisture content.

It can be chserved that at 50.31 % socil moisture content, the
compaction resulted from the overlapping traffic passes of the pneumaltic tire
caused an increase of 41.17% and 39.14% in original soil bulk density for the
sharp and the wide turning respectively. The corresponding values for the
crawler and steel ground devices were 6.27% and 4.64% respectively.
Similar trends were cbtained for all traction devices at45.87 and 38.57%
mgisture contents.

With respect to the crawler device type the contact area soil is always
constant. For a given confact area, decreasing the turning radius the crawlers
increases the contact pressure on soil and consequently more compaction,.
Anyhow, the effect ¢n soil bulk density coincided the steel ground device at
the rice field boundaries is slightly lower than that of the crawler device by
about 0.07g/cm®. That is may be due to the larger side force, developed on
the large contact area of the crawlers during turning.. Se that the pressure
change between the steel wheel and soil surface.

Effect of turning radius on sinkage depth.

The sinkage depths for the three tested ground devices are shown in
Table (4). Anincrease in sinkage depth was observed by increasing time of
passing due the turning radius. Decreasing scil moisture content decreased
the magnitude of the turning radius effect. The turning radius has littte effect
on sinkage deptn for the steel running device. But in the case of crawler and
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pneumatic tire a positive correlation was found between sinkage depth {cm)
and soil moisture content.

At the highest level of soil moisture content (50.4%), the increment
magnitude in sinkage depth due to decreasing the turning radius was
21.1and 124.3 mm for the overlapping passas of ¢crawler and pneumatic tire
respectively vehicles respectively. While the steel running device showed
only similar effect at the 4a5. 8%. The corresponding values were lower at
45.87% moisture content.  While, at 38.57% moisture content, There is still
an effect to the turning radius sinkage depth.

Table (4) sinkage depth of the three tested ground devices at
difterent soil moisture cortents. As the turning radius decreases (80 0)
further the wheels sinkage increases (especially with the pneumatic wheel at
high wheel slippage).

CONCLUSIONS

The present study investigated and compared the maneuverability of
the three different running-devices under straight-line and overlapping traffic
passes in the Egyptian rice field. The maneuver of both straight-line and
angled motions have been studied over three approximated soil moisture
content levels of 3B.5, 45.8B,and 50.3%, and at five different forward speed
levels of about 0.42, 0.58, 0.69, 0.83, and 0.97 m/sec. While, the overlapping
traffic passes have been studied as they affected by different turning angle
over the above mentipned soil moisture content levels.

The maneuverability has been inspected within two main indicators
namely the jugging ability of each vehicle, and the sail compaction induced by
driving each vehicle under different moisture and motion conditions.

The results could be summarized in the following points: -

The average propelling resistance of the angled pass exhibited of
about 1.1-1.16 times that propelling resistance of the straight-line motion.

The average vehicle engine loading may be as 1.58, 3.72 and 1.21
kWiton weight of the vehicle during the maneuvering over the rice field by
crawler, pneumatic tire, and steel lug wheel, respectivefy.

The pneumatic tire in all manauver tests gave the highest values of slip,
sinkage and soil compaction.

Comparing the crawier, and steel lug wheel types, the crawler was
less lugging ability and more damaging the soil at the fice field boundaries.

The results recommend the use of wider turning radius by slightly
sliding the brake of the inner (inside} of any ground-drive member. That
would be effective method for reducing the soil damage (compaction), and
satisfactory the propelling force requirements.
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