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ABSTRACT

Three reliable devices have been developed and equipped with a developed
ridger blade for controlling soil inverse angle, the blade tilt angle ,and the blade
repose angle This developed machinery construction is able for establishing different
ridge profiles suitable for different root crop growing conditions,

The developed ridger was Inspected and evaluated under three different
deformation speed (s) levels, three levels, of angie (®), three levels, of angle {a) and
two levels, of repose angle (y). The performance of the developed furrower has been
evaluated within determining three main parameters namely: the swelling coefficient
of the slipped soil (A}, the ridge profile deformation uniformity (PU) , and the specific
draft for deforming the ridge (SD). In addition ridging performance of the developed
furrower was compared with the ridging performance of the traditional furrower.

The gained results could be summarized as follows: -

1- The reliable swelling coefficient of the slipped soil {A =1.15} was corresponding
deformation speed (s) of 1.14m/sec, inverse angle {®=45"), and tilt angle (a=20")
at cutting width of 31cm,

2- The maximum ridge height uniformity(PUn=94%) and the maximum ridge ¢ ross-
section area uniformity (PUa =98%) , were accomplished forward speed of 1.45
nvsec, angle {a) of 20 ° ,and angle (®) between o°.and 22.5°.

3- Traction force requirements of about 4.22 KN, was recorded as the developed
furrower operated al forward speed of 1.76 m/sec deformation depth of 9.5 cm
versus traction force of 5.1KN for the traditional ridger at the same operating
conditions of zero inverse angle.. As the developed fumower was setting at inverse
angle of 45* the decrement rate in traction force was about 32% in favor of
developed furrower compared to the traditional furrower

INTRODUCTION

Studying the soil slippage phenomenon behind the furrowing blade
have a great important to recommend the proper design and operating
parameters suitable for constructing a reliable ridge for root crops. The
literatures on the ridging tools (Bishop and Maunder (1980) ,Smith (1984),
and Wulf (1995) recommended that to accomplish the furrowing process the
amount of the tumed soll in both sides of the ridger must be equal to a certain
amournt of the dug shape lo Insure a certain ridge engineering ard physical
properties suitable for the cuitivated row crop .It has been also indicated that
the proper ridge profile can be achieved when the dug soil are not permitted
to fall into the furrow. i.e. the furrower should be designed to apply higher
pressures on soil to prevent loose soil behind the furrowing blade. They all
added that a narrow blade type disturbed the sofl lesser than shove! openers
and less lose soil is likely to fall into the furrow. Helmy et &/, (1994) Indicated
that relative increase in soil volume after furrowing by moldboard blade may
be expressed dimensionally, as the increase in soil surface above the original
soil surface divided by digging depth. They concluded that the success of the
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furrower design Is in reducing the soil inversion process which is an important
objective for the present work.

The objectives of the Investigations conducted by Ismail and
Hemeda 1991, Abd Alta (1999) and Ward et al, (2002)have been constricted
to verify the effects of the blede geometric on the krigation efficiency and
minimize the amount of applied water (water distribution in the furrow), on the
efficiency of placing potato tuber seeds, and on the corn panting efficiency.
They all examined the common types of sweeping blades to get the
germination ratio and heaithy plants and to achieve the highest yield, as a
result of decreasing the water losses in the furrows. In addition many
researchers have been investigated the geometric of the deformed furrow
and ridge. Krause and Lorenz{1979) indicated that the deformed furrow angle
(6) is the angle b etween the rupture {ine and the h orizontal. T hey reporied
that the reliable value of 6 is about 50° in a relatively dry soil and increases
with the soil moisture content. Gregory and Hedhbi (1988) reported that the
total cross-sectional area tilled with a digging blade can be estimated using
the following equation:-

Ar=(W+dtang)d. 1)
where
Ay ; Total tilled cross-sectional area, W:Bottom width of furrow or width of
tilage point,
d : Depth of furrowing at the point,” and A = (90-fuurow angle).

Bishop and Maunder (1980) showed that the ideal ridge width is
ranged from 0.65 to 0.90 m. Theyaddedﬂutmarowmlghthaveaa'oss-
sectional area of about 0.075 m?. They indicated that row width of about 0.75
m and distanca within the row ranging from 0.25 to 0.30 m result in a
satisfactory root crop yield. Posnekov, and Torbegv (1981) reported that the
depth of a furrowing Is significantly greater when the vertical face angles of
the furrow openers were 150 degree than when they were 90 degree. Fumow
opmswimwadger.glesmdegraamadedeeperhrmmmanm

angles. Siepman (1983) repatad
recommended to avoid compaction of the ridges by tracior tires and
damaging of the plant roots with the subsequent pass. He added that straight
rows and an equal row-width are also a condition for the use of harvesters,
He also indicated that the furmow area tended to be least for o peners with
small vertical angles and small wedge anglas. Chmielnicki (1988) compared
the low, m edium and high ridges which were formed at 62.5 cm apart, He
ridges gave fewer green tubers. He reported that in relation to the ridge base,
tubers lay deepest in low ridges and at the shaflowest level in high ridges 75
c¢m apart. Abo Habaga (1990) found that the values of furrow angle (8) are
found to be 47.8 ,47.5, and 48.8° as using the chovel, the breaker sweep,and
the winged biades respectively
IsmaiandHemada(1991)cumdwtsh:cﬁesmsoilshppage
phenomenon behind the furrow opener of planters (as in furrower ). They
220
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- reported that the height of the loose soil in the furrow bottom (h) can be
estimated by using the following equation :
o= Ay -y @)

w.tan &
where :y. The height of tumed soil aside of opener wing when the opener lies
inside the furrow, cm., y' : The height of tumed soil after removing of furrow
opener effect, cm., W : The width of the opener wings set in parallel position
cm., and & The sitting angle of the investigated soil , degree. Wulf (1995)
showed that ridges should be §5-75 cm wide at base, 20-25 cm high,
approx. 20 cm wide at top, with sides at an angie of approximately of 40°.
He recommended the proper adjustment of the tractor and ridger so as to
achieve optimum quality of work.

On the other hand, the performance of the ridging blades during the
process of forming different ridge shapes is judged by their draft, and the
quality of work. Awady ef al. (1981). reported that at a given digging depth, the
subsurface sweep or wing blade have less unit draught than tin blade. They
added that the unit draught of soil depends on operating speed of the sweep
flat blade and wing blade. Summers 6! a/.(1984) found that the draft is directly
proportional to operating speed. In addition, the drafi decreased when the
blade angles decreased (lift, apex and load angles). measured the effects of
speed and depth on draft characteristics of four furrowing tools. They
analyzed the drafts using multiple regression methods. They found the best fit
equation for furrowing tool in the form:-

N/ tool= A+B (S) (3)

where
Nftool= draft required per tool. S = forward speed. and A,B = constants

ASAE (1984) suggested a quadratic relationship between operating
depth and draft, and direct relationship between operating speed and draft.
Many authors found a linear relationship between draft and speed of the
furrowing machine. Kydd et a/. (1984) reported that large variation in draft
occurs due to changes in soil conditions and difficulty in maintaining a
uniform depth across the width of the machine. Summers et all (I986)
reported that the draught force of the soil digging tool is a linear function of
speed of operation and. directly proportional to operating depth. Abou El-
Kheir (1986) indicated that the digging depth and forward speed are the
major variables affecting soil draft (D). Abou-El-Kheir(1987)The cross-
sectional area of a digging tool is a function of operating depth, width of the
tool and furrow angle for a given soil type and condition. g = (80 - Furrow
angle o) for a given soil type and condition.

Kosmick and Orzechowsk (1989) evaluated the efficiency of some
ridge deformation systems. Their evaluation parameters included soil traction
force, soil structure, and, ridge profiles, They recommended the design,
which exhibited low traction and steady construction to be superior for
developing the row crop ridger. Sirvestava et al. (1995)Indicated that the
winged blades for opening a furrow and covering the ridges are adjustable
for matching the row width. They showed that , the draft (D} is defined as the
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component of tractor pull acting on the ridging blades. Abd Alla (1999),
reported that the soil layer previously tumed aside begins to slide down into
the open furrow at the natural slip angle when the retarding action of the
wings is stopped. The furrow depth of the covering is almost always lesser
than the depih of the produced by the opener. Abou El-magd (2001) studied
the phenomenon of soiltuber stress-strain relationships in potato ridge and
recommended to deform a proper ridge shape to insure a certain tuber yield
quantity and quality. He indicated that the proper ridge construction must be
exhibited a certain compaction degree. and engineering properties. suitable
for growing the cultivated root crops .

in fact many types of furrowing blades and tools are available in the
world markets and used for deforming the ridges and furrows for root crops .
Unfortunately, all of these blades and tools exhibited only the two commen
basic adjustments for the ridging and, furrowing operations These are the
furrowing depth which is controlled by a means to control the blade tilt angle ,
and the ridging width which is controlled by changing the distance between
the blade sides But nerveless, the directional adjustment for sliding and
windrowing the dug soil is still neglected. Therefore, developing and examine
a furrower that equipped with a reliable control devices to control the reverse
and compaction of the slipped soil is considered a vital subject. Adding to the
above mentioned that the furrowing process still represents extensive
problem to the Egyptian farmers, because it needs more workers to clean the
furrow, and to restore the ridge for the water to reach to the tail end.

It can be concluded that the important of studding the inverse degree
of the sliding soil mass on the side of the furrowing and ridging blade is
represented in reducing the friction of soil mass against the ridger(Smith
,1984). and in k eeping a certain d egree of c ompaction that required in the
deformed ridge. (Abou El-magd, 2001) That may having a significant
important represents lowering the component of the draft requirements and in
improving the uniformity of the constructed study ridges.

Therefore the present study is aimed to provide the ridging blade
wings by a proper controlling devices to inverse and compact the sliding soil
mass on the furrower side to be extremely suitable for different ridge
formation operations. In addition to verify performance of the developed
furrower as affected by some operating and design parameters. Also to
compare the performances of the developed and the traditional furrower.

MATERIALS AND METHODS

Verifying the performance of the developed ridger was carried out at
the farm of the Agricultural collage, Mansoura University during 2002.on a
clay soil with an average mois.ure content of 18.16 % at depth about of 15
cm.(according the screw auger method of Rowell 1994)..The ridge
deformation experiments were carried out after preparing the fietd for planting
sugar beet which was previously tilled and leveled as recommended for the
region.
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1-The developed ridger (furrower)

According the studies of Soehne (1960), and Rlchey (1969), the
design of the proposed furrower-bottom was regarded to have share lift angle
of 27°, maximum blade height of 31cm ,share joint angie of 43( between
share edge and line of travel), and a bottom length of 63 cm as shown in Fig
(1). The three controlling devices Fig (2} have been developed and equipped
with ridger frame and with the blade for controlling scit inverse angle (®), the
blade tilt angle (o) and the blade repose angle (y ). The Inverse angle device
consists of a half circular cross-section flange of 18cm diameter, and a hook
connecting joint. The flange is having an arc guide on #s circumference. That
section is fixed with the ridger frame by means of bolts and screw. While the
ridger shank is inserted in the hook joint which can be slided and fixed along
the flange arc guide by means of bolts and screw. This arrangement is able
to incline the angle of the ridger side (wing) plane around the vertical plane.
In the present study angle (@) is refereed as the inverse angle of the sliding
soil. The developed Inverse angle device is able to incline this angle in the
range from 0 to 90°

i 50:60 cm {

111em

Le24cm ‘QML'L. Wem, 2 em)
|_20em

0

50:656 cm

1-inverse angle device 2-Tilt angle device 3- Repose angle device

Fig(1): sketched view of the developed furrower .
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The primary objective of used tilt angle controlling device is to gage the
furrowing depth in the range from 6 to12cm, That device Fig (1) is composed
of screw rod to gage the attack angle ‘ci-the blade axis with respect the
horizontal plane. Also the developed repose angle device is a two clamps -
bars which are provided between the two sides (wings} of the biade. So the
relative cutting width of the ridger can be adjusted in the range from 23 to 31
cm with a constant interval of 4cm .

2- Treatments

The illustrated variables were three different deformation speed
ievels (S) of 1.14,1.45, and 1.76 m/sec(S,, S; and S, respectively), three
blade tilt angle (a) levels, of 20 , 25 and 30° (as a function of three furrowing
depth levels (h,) of 6.5, 8 and 9.5cm), three side inverse angle (®) levels,of
0°, 22.5° and 45 °, and two blade repose angle, {y ) levels of 38° and 44°,
(as a function of two deformation width levels (W) of 27, and 31cm).

3-Experimentations and Evaluation Processors:.

A specific field exparimental scheme was planned to inspect the
furrowing and ridging deformation performance of the developed and the
traditional ridger. Whereas three groups of experiments were investigated in
the percent study. The first group was mainly planned for determining both
the swelling coefficient of the slipped soil (A), the ridge profile deformation
uniformity (PU).

»

' 1-‘inversa angle device  2-Tiit éqg,le device 3- Repose angle device

Fig (2): The developed furrower mounted on the tractor
224



J. Agric. Sci. Mansoura Univ., 29 (1), January, 2004

The second group was planned to study the draught required to perform the
ridging operations. The third grcup of experiments was specialized to
compare the performance of the developed ridger with the ridging
performance of the traditional ridger.

The developed furrower was set for furrowing at the illustrated
depths, and widths deform ridges at the three illustrated soil inverse angles.
As for the traditional furrowing treatments they were performed using the
local furrower bottom with a maximum height 23cm and bottom length of
35cm. That furrower was set only at constant width 31 the same investigated
cutting depth levels used for the daveloped furrower.

All the developed and traditional furrowing treatments, were
performed using the same tractor (44.78 KW Nasr tractor). Thus the
differences in both ridge compaction degrees, and ridge profiles dimensions,
could be disregarded, when compared between them,

The first group of experiments :

Within that group, the effects of the deformation speed(s), inverse
angles (®)and blade tiit angle («)variables. on the geometric shape of
deformed ridge that were deduced under fixed deformation width of 31cm).
Hence that group included 27 treatments (3 $ x3 ®x 3 ).

To state the changes in the swelling state of the slipped soil a
swelling coefficient (A ) was proposed as indicator. To determite that
coefficient (A) the slipped soil volume (Vo) per traveling unit length was firstly
estimated for all investigated treatments according Fig (3)and eq.(4).

Vo=(a, +h, tan @) hymmem—m——o-(4)

Fig {3): Estimation of the slipped {V,) pre- slipped(V.) soil volumes ,and
the theoretical height of the deformed ridge { h)

Hence, the pre-slipped soil volume (V) can be estimatad per traveling unit
length according eq (5)

V= {a,+{h™-hy) tan &} (h™-hg) ----—(5)

Finally, the swelling coefficient, (A} for each investigated treatments was
estimated as follows:
A=V, / V- -—(6)

To determine the ridge profile defermation uniformity (PU), the ridge
profile was measurad in the two ridge perpendicular directions. The lateral
direction was considered as X-axis, and the ridge height (h") as Y-axis. That
measure was done for each treatment using a drawing profieometer.
(PU)was determined according two main indexes. The first index (PU,) was
estimated as follows:
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PU,% = hh

Where (h’) and (h) are the theoretical and the predicted ridge heights

respectively which is abtained using ridge profiles data of a certain treatment.
Referring Fig (3) the thecretical ridge heights ( h™ ) could be calculated as

the sum of h1 and ho.The furrowing depth h1 could be estimated by
multiplying the contacted length of the tested blade {which is 19 cm) by the
corresponding sirt . The illustrated theoretical levels of h1 are 8.63 , 10.9 and

12.71 cm for the three tested tilt angles (a) tevels (20 , 25 and 30°).

According P etrof (1984), thevalue hocold be equai =1.2 x h1. Hence the

three the theoretical ridge heighis (h') could be considered as

10.35,13.08,and 15.25 cm. On the other side to estimate the predicted ridge
height (h) using the obtained ridge profiles of & certain treatment the following
analytical steps were carried out:

1- Drawing the ridge profiles which will be obtairied in the field as affected by
the variations of the deformation speed ,defermation depth, and the biade
iriverse angle

2- Assuming that e ach ricging treatment has its own family of ridge profile
shape. the graphical representations of the obtzined ridge envelopes
(prcfiles) can be helpful to predict the parabola equation of these curves
which will be in the form: -

h=AX?+ BX +C {8)
3- Considering that the veriex of that parabola is correspond on Y-axis
Hence the ridge height (h} may be estimated and equal to the estimated
C value.

The second uniformity index (PU,) was estimated as follows:
A-A
PU %=

Where {A’) and (A) are the theoretical and the predicted cross-sectional
area respectively. The cross-sectional area (A) was estimated for each test
using the Sembson formuia as follows:

A=%(a+2b+4c) verrerneeenns{10)

x100............(9)

Where - A: Tota! cress-sectional area, AL: Constont horizontal distance,
a; Sum of first and last ordinates, b ; Sum of ( odd) ordinates excluding the
first and last ones .and ¢ ; Sum of {(even) ordinates excluding the first and
tast ones.

The second group of experiments
This group was planriad to study the specific draught index (SD),which
could be obtained by dividing the recorded traction force(Tf) for each gained
ridge profile on the estimated cross-sectional areas (A) ,eq (10). In order to
record the traction force(Tf) the developed ridger was mounted on 44.78 KV
Nasr tractor as a dummy tractor . That whole unit was pulled by a 48.5 kW
22%
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Romanian tracior. The traction force was measured as the horizontal
component of the force between the driving and the towed tractor by means
of spring dynamometer which has been developed and calibrated by EL~
Sheika (1989 ). The average dynamometer readings and cross-sectional
elements were measured with 3 replicates for each tested treatments.

The third group of experiments

This group was planned to compare the performances of the
developed and the traditional furrower. The detrimental quantities for jucging
and comparing the deformation performances are : the slipped soil swelling
coefficient (A ), The uniformity index (PU,),and the traction force (Tf). These
judging quantities were obtained at approximate equal operating and furrower
dimensions parameters and levels.

RESULTS AND DISCUSSION

To make decisions concerning furrowing and ridging operations,
which are performed by the developed ridger, the results of this study could
be divided into two parts. The first is concerned with the revenues ridge and
furrow engineering prcperties es affected by the illustrated design and
operating parameters. That includes the swelling coefficient of the slipped soil
(A), and the ridge profile deformation uniformity (PU). The second is
concerned with draft requirements for the deformaticn operaticns which has
been related to the specific draft (SD)for deforming the ridge. In addition
ridging performarice of the developed ridger was compared with the ridging
performance of the traditional ridger.

A)The revenues ridge and furrow engineering properties

Table (1) shows, the average ricge cross sectional area(A) obtained
according eq (10} from the ridge profile measurements resulted from the
various ridging treatments.The general trend of these data shows that
increasing the deformation speed levels (s) and the ridger inverse angle (&)
leads to reduce ridge cross sectional area(A).The decreasmg ranges under
the vananons of blade tilt angle («} were from 92 to142 cm and from 33 to
a1cm 2 for the illustrated levels cf the variabies (s) and () respectively. But
increasing the blade tilt angle (cr.) from 20 to 30° leads to increase ridge cross
sectional area(A). The mcreasmg ranges under the variations of (s)and (9}
were from 116 to 168 cm Zrespectively.
1- The swelling coefficient of the slipped soil (A)

The average slicped soil volume (V) for all investigated treatments of
that experimental group was firstly estimated according eq.(4) Also the pre-
slipped soil volume (V,) was estimated according eq(5) Hence, the swelling
coefficient, (A) for each investigated treatments was estimated according
eq.{6} 2nd shown in Fig(4)

it can be seen from Fig(4) that the highest swelling coefficient,
{A=1.67} value performed by the developed ridger has been recorded as it
was adjusted at the highest deformation speed levels {S= 1. 76mlsec) Blade
tilt angle of 30° and the lowest blade inverse angle level (¢ =0° ).In addition a
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low sensible effects on the value (A) could be observed by varying the blade
tit angle (a) .On the other hand, the lowest swelling coefficient, (A=1.15)
value, are associated with forward speed of 1.14 m/sec, and inverse angle of
45° and blade tilt angle of 20°. This result trend could be related to the high
magnitudes of the kinetic energy of the slipped soil as the speed increase,
and zlso to the compaction which is resuited from pressing the ridge as the
inverse angle increase.,

Table (1): The revenues ridge engineering properties and the
corresponding draft components

Studied The revenues ridge engineering the corresponding dra
variables __properties components
. ; The
s T OB o | e [Swele 1, |, [ promi | 71 | o0
(g) @ | i) soil | s Sk | em | em | (Ahem? | (KN) |(Niem)
LMH{A)
S1 191.3 135.7 1.41 |11.43 4500 | 277 | 615
20 82 181.% 124.9 145 |10.39 9.69 4260 | 2588 | 7.00
83 148.8 94.2 1.68 |8497 380.0 | 329 | 9.39
Average 173.7 118.2 1.48  |10.44 3753 | 3.0t [ 8.02
S1 251.8 1734.9 1.44 [15.73 5925 | 299 | 5.05
0 25 S2 2358 [ 158.3 1.49 1477 12,67 554.9 | 343 | 6.28
S3 159.1 124.4 1.6 [13.18]| 4685 | 3.68 | 7.85
Avera 228.9 152.5 1.51 |14.56 538.6 | 3.59 | 6.67
S 256.7 172.3 145 |18.3[16.89 604.0 | 3.91 | 6.48
30 §2 236.7 152.7 1.55 |15.0 5570 [389]| 7.17
83 189.8 119.6 1.67 1129 470.0 | 422 | 8.98
Average 2311 148.2 1.6 14.7 5437 [ 4.04 ] 7.43
Means 211.2 139.7 1.52 | 13.2 4970 | 385 | 7.15
81 179.3 141.2 127 [118[/9.69 4218 | 219 [ 5.19
20 52 148.2 106.6 1.39 [10.2 3488 | 234 | 6.72
S3 125.8 84.4 149 | 9.0 2960 [ 277 | 9.35
Averace 151.1 110.7 1.38 103 369.6 | 243 | 6.58
St 233.3 175.4 1.33 147 549.0 | 284 | 518
oo 5 25 82 207.7 147.3 147 [ 135 12.76 488.7 | 3.38 | 6.93
. S3 i76.0 115.8 152 |11.6] ™ 4142 | 295 | 713
Average 205.7 148.2 1.4 13.2 4835 | 3.06 | 6.33
S1 242.0 177.9 1.36  [15.37|16.69) 5693 [ 3.43 | 6.03
30 §2 218.8 144.9 1.51  [13.81 5149 | 3.74 | 7.26
S3 193.0 122.9 1.57 [12.21 454.0 | 4.04 [ 8.90
Average 217.9 148.6 148 [13.8 512.7 [ 3.74 | 7.29
Means 191.8 | 135.2 1.43 1125 4554 | 3.08 | 676
81 178.6 185.3 1.15 [11.18{ 569 | 420.2 [ 2.06 | 490
20 S2 157.3 | 1333 1.18 [10.17 -370.1 | 215 | 580
53 109.3 82.2 133 |77 2572 | 241 | 9.38
Average 148.4 123.6 1.22 [ 97 3490 | 221 | 6.32
S1 2134 184.0 116 | 13.9 |12.76] 5020 | 251 | 5.00
15 25 S2 186.8 | 1571 1.9 | 11.7 4398 | 275 | 6.25
S3 174.3 127.2 1.37 | 103 4100 | 289 | 7.06
Average 191.5 156.1 1.24 [11.9 4508 | 272 | 6.03
St 2261 191.6 1.18 |15.38 532.0 { 3.24 | B6.09
30 S2 188.3 150.6 1.25 {11.69 16.69 443.0 [ 365 | 8.24
83 178.5 124.0 1.44 [11.15)7777 4200 | 3.091 9.32
Average 1687.6 155.4 1.29 [12.74 4651 ! 380 | 7.74
Means 179.2 145.0 1.25 [11.46 4216 | 284 | 6.75
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'I Ridger inverse angle(®)

Fig (4): The ridge swelling coefficient (A) versus different blade tilt
angle, forward speed deformation speed and blade wing
inverse angle.

2. the ridge profile deformation uniformity (PU).

Fig (5) from (A to 1) represent the ridge profiles which are obtained in
the field drawing by profiecometer and as affected by the variations of the
deformation speed .tilt angle deformation depth, and the blade inverse angle.
Also nine sels of the parabola equations of these curves are derived and
each sets which of four equations are shown together with its own curves in
Figs from (5-A to5-l). Hence, the theoretical (h’) and the predicted (h) ridge
heights of a certain treatment could be determined ridge profiles data as
discussed before in the methodology. Thus, the first and the second
uniformity indexes{ (PU,) ,and (PU,) } could be estimated according egs.
(7.and 9) and the estimated data are shown in Fig (6,an7).Referring Figs
(6)and (7) it can be seen in general that the forward speed of the developed
furrower is the dominate parameter affecting the ridge deformation uniformity,
followed by inverse angle (@) parameter ,came the end blade tilt angle (a) as
the lowest affecting parameter. However, the maximum (PU,), were
accomplished forward speed of 1.76 m/sec, angle () of 20 ° ,and angle
(®)of 0° While the maximum (PU,) values, were accomplished forward
speed of 1.41 m/sec, angle (a) of 20 ° ,and angle (®)of 22.5° . On the other
side similar (PU,) and (PU,) minimum result trends, were accomplished
forward speed of 1.76 m/sec, angle (c) of 30 ° ,and angle (®)of 45°.
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-The above mentioned result trend may be attributed to the following
considerations:-

-The high d eformation s peed gives a m ore p ulverization to the slipped s il
mass ,consequently minimum (PU,) and (PU,) values are obtained.

-Increasing the inclination angle of the ridger wing (®) up to 45° has more
control in the motion of slipped soil mass ,consequently gives more uniform
ridge surface formation with high degree of compaction in the upper layer of
the deformed ridge..

B)The draft requirernents for the deformation operations

Predicting the specific draft (SD) required for the developed furrower
is essential for matching the ridger draft force with the available power from
tractors. The corresponding riding draft components versus the illustrated
ridging treatments are determined and tabulated in Table. (1) Also Fig(8)
shows The effects of the illustrated variables on the traction force (Tf)
required by the developed furrower.. it can be seen that increasing speed and
depth of furrowing operation leads to increase the furrower draft (Tf) as
indicated by the previous literature. As expected the traction force (Tf)
associated with furrowing at speed of 1.76 m/sec is greater than furrowing at
speed of 1.4m/sec by about 21, 19,and 15 % as furrowing at o level of 25°
25° and 30° respectively (furrowing depth of of 65 8 and 9.5cm
raspectively). It appears from table (1) that the traction force (Tf) due to using
low level of inverse angle (®=0°) is much more than the traction force (Tf)
due to using high level of inverse angle(®=45°).The differences is quite
obvious when the developed furrower was operating at forward speeu of
1.76m/sec than operating at forward speed of 1.4m/sec by about 20-25%.
This result rend may be due to the extra friction resistance of the slipped soil
mass in the case of lowering the inverse angle level (®=0°).

The specific draft (SD) draft at different operating parameters could
be also obtained by dividing the recorded traction force(Tf) on the estimated
cross-sectional areas (A) ,eq (10). of the developed ridger The estimated
specific draft (SD) d ata are tabulated in the mentioned table (1). itcanbe
seen that the (SD) data are similar to the traction force data only as the
developed furrower was operating with wing inverse angles of 22.5,and 45°
While inverse result trends was observed as the furrower was operated at
inverse angles of 0°.This result may be due the volume of soll which will be in
more ¢ ontact with the displaced in the case of greater inverse angles, and
visa versa.

Comparing the performance of the developed furrower when
reducing the blade repose angle{y) from 44 to 38° ( 31,to 27¢m cutting blade
width) It could in generai concluded that a sensible decreasing under all
tested variables were resulted in each of ridge cross sectional area(A) by an
average about 14%., traction force by an average about 24 %.and the
coefficient of swelling by about 12%., Inverse result trends were recorded in
each of uniformity indexes{ (PU,) ,and (RlJ.) )}, Whereas, (PU,) was
increased by about 7% While, PU, was i sed by about 9.5%.. On the
other hand no sensible varations in the deformed ridge heights were
associated the changing of the blade cutliflg blade width from 31 to 27cm.
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Fig (5-A to | ): The ridge profiles as affected by of deformation speed under the
variations of bladle angle and blade tiit angle
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other hand, the lowest swelling coefficient, (A=1.15) value, are a ssociated
with forward speed of 1.14 m/sec, and inverse angle of 45° and blade tilt
angle of 20 °

The forward speed of the developed furrower is the dominate
parameter affecting the rndge deformation uniformity, followed by inverse
angle (®) parameter ,came the end blade ftilt angle (a) as the lowest
affecting parameter.

the maximum (PU,=94% and PU, =98%) , were accomplished
forward speed of 1.45 m/sec, angle («) of 20 ° ,and angle (®) between o°
.and 22.5° . On the other side similar (PUy) and (PU,) minimum resuit
trends, were accomplished forward speed of 1.76 m/sec, angle (o) of 30 °
,and angle (®)of 45°.

As expected the traction force (Tf) associated with furrowing speed of
1.76 m/sec and furrowing depth of 9.5-¢cm. is greater than furrowing speed
of 1.14-m/sec and furrowing depth of 8.5 cm. by about 23.2, 20.5, and
18.1,%.due to using angle () of 0°,22.5° and 45 ° respectively,

The developed furrower was found to be more effective in deforming
the ridges than the traditional one under the performance conditions of the
present study.

REFERENCES

Abd Alla, H. El. {1999). * Performance evaluaticn of developed planter furrow
opener” Misr. J. Ag. Eng., 16 (2): 173-192.

Abou El-magd, A. E.(2001) “ Potato tuber/soil mutual stress under different
machinery treatments®™ J. Agric. Sci., Mansoura Univ.,26(12):7953-
7967

Abou El-Kheir, M.M.{1986). "Comparative study between different types of
plowing blades”. Misr J. Ag. Eng. 3(2); 3-17

Abou-El-Kheir, M.M,, 1987 :"Soil unit draft for different tillers in Egypt". Misr »
J.Ag.Eng. 4(3):229-237.

Abo-Habaga ,M.M.{ 1990 ) " A comparative study on three chisel —plough
share-forms”. Misr » J.Ag.Eng.,7(4):387-383.

ASAE (1983-1984) Agricultural machinery management. ASAE Yearbook of
Standards. St.Josph, MI 49085.

Awady, M.N.; Mostafa, M.M. and E.y.Ghoniem,1981;"Studies on an
agricultural power-unit small tractor®, Col. of Agric., Ain Shams Univ.,
Res.Bu1579

Bishop C. F. H. and W. F. Maunder (1980). “Potatoc mechanization and
storage.” Chapters 3 and & Great Britain.

Chmielnicki J.W. (1988)." Effect of the shape of ridges and depth of planting
on plant growth, tuber distribution and yields of potatoes”.(Part1),
Roczniki-Nauk-Rolniczych,-A-Produkcja-Roslinna. 1988, 107: 2, 85-
101; 18 ref

El-Sheikha M. A. (1989) A quic and effective method to prepare seedbed for
Egyptian farms. Misr J. Agric. Eng., 6(3): 213-

Gregory, J.M and K.M.Hedhbi, 1988:"Draft prediction for chisel plough®. ASAE
paper no.88- 1616, ASAE. St. Joseph, M| 49085-9659.

234



J. Agric. Scl. Mansoura Unlv., 29 (1), January, 2004

Helmy, M. A.; E. B. EL-Banna and M.S. Tadros (1994). Effect of four
conventional tillage systems on both soil structure and arthropod
fauna in clayey soil. Misr J. Ag.Eng. 11(3): 845 - 861

Ismall, Z. R. and M. A. Hemeda (1991). Geometrical studies on soil slippage
phenomenon behind the furrow opener of planters. Misr. J. Ag. Eng., 8
(4).361-375.

Kosmick I. Z. and |. G. Orzechowsk (1989). “Agrophiysical and energy effects
of a potato ridger with an oscillating mechanism®. Zemedelska-
Technika, 1989, 35: 2, 75-88: 7

Krause, R. und F.Lorenz,1979;"Bodenbearbeitung in Tropen und
Subtropen”. Schriften-reihe der GTZ,Nr. 79.

Kydd, H.D.; G.E. Frehlich, and A.R. Boyden. (1984). Tillage power
requirements in Wetern Canada. ASAE Paper No 84- 1027. ASAE, St.
Joseph, Mich. 49085. : 1-18.

Moss, G, L. and L. A. Downey (1982). Influence of drought stress on female
gametophyte d evelopment in crop and subsequent grain yield, Crop
Sci., 11:368-372.

Petrov G. D. (1984) “Potato harvesting machines.” Moscow, Machine
construction, 1984

Posnekov. N. M. and Z.C. Torbeov (1981). Machine for tuber of Potato
planting "Theory and construction™. Machinstoenee pub. Co. Mcscow,

Richey, C. B.(1969). Design and development of semimounted reversible
plow. Trans. ASAE, 12(4): 519 - 521

Rowell , D.L.(1994) " Soil methods of applications " Longman scientific and
Technology Essex, England .

Siepman IR. A. M. (1983). Mechanization of potato growing” International
Course on Potato Production. Institute of Agric. Engineering
Wageningen the Netherlands.

Smith ,A .E. ( 1984 ) " Farm machinery equipment . Sixth ed. Tata Mc Graw -
Hilt Pub.Co.Ltd, New Delhi, 110020 .

Shoehne, W. (1960} suiting the plough body shape to higher speeds. Grundl.
Landtech. Heft 12:51-62, NIAE transl.101,

Srivastava AK.; C. E. Goering and R. P. Rohrbach (1995). “Engineering
principles of Agric. machines”. American Society of Agric. Eng. Pemela
DeVore-Hansen, Editor Books & Journals .Pp: 221-264, and 547-571

Summers, J.D.; A, Khalilian, and D.,G Batchider. (1984). Draft relationships
for primary tillage in Oklahoma soils. ASAE, 84- 1024. ASAE St
Joseph, Michigan, 49085.

Summers, J.D.; A. Khabilian and D.G.Batcheldor {1986)."Draft relationships
for primary tillage in Oklahoma soils". Trana. of the ASAE, 29(i): 37-39.

Ward , m.LH. ; T.Z. Fouda and AM. El-Sherbieny (2002) * Modeling for
Furrower Development To improve irrigation Efficiency * Porc.Minia 1*
Conf.For Agric. & Environ.Sci.Minia, Egypt, March 25-28 , 2002 .

Wulf B. (1995). * Potato cultivation.” Kartoffelbau, 46: 4, 174-175.

235




Amin, E. A.

MG@M‘M‘JMJA!}
e cudd pd Aas
3 geaiall deala Lo )50 Loatigh audd

Gy et e o A5 D Auled Gl (o Lyhadd JEE Bilee
Ay L Gad g daddl A sk B g5 b dadd Clidd gay JSO Sy
odine cudial Sy . A Ghslaal 3 eald Jpanad U0 53say il il el
oy Gae a4l b 3 A Al Slaladl phasidy Japhall B, e
e yhid i gl a5 B WSadl Ay Gleay Claladl 3y 5y sk Al of W1 adail
ol 0 a Ciad a il ity O o EDle i LS

Ssimedl i ad 4405 A a3 el zlad ekt g4 Cad 3a e Ciagll S
Al A gady ey Dy A pSadll ellly ud D (5 Sl e plaill £ lia pdue WD
Bac o aSadll (p e kel anal NS g priandl Ui JSEAD Jaddl S ISy Ao ghaiad
daall 5 ptall pbild KB Sl iy il .yl pladd dadal 21 A0 Aa 0y gladd
cdoyhall QS sake) Gililee Ca i bew Jadd ISl obulai 52 5

e panall oo Drgl S e gene SBU (A el Cannd Sial 138 dnl
uhﬂ'mww»J)&Jﬁdihﬂdwvl&mo-&wﬁdﬂ!
_,Ad.uhn@_,a:unnu-uagﬂulSJ*ﬂﬁufudeu‘ou)h d.b_,thl.an AaLu_,
& s ol 3,58 ae ael 8 S oo gl ol dlae 2003 (T 240 (5 B Sl 3ad
A ia ga M Lo ganall (e Ciagd (S Liip . dshall G5 5 Al Alee oY L33
A€y JSSa] dasll ‘Lﬁ?‘dnluwuu]cgthwJJMwadS;u
d.u.-::\lll._l_,_,hum _)a]\ul.\uau\.m.l‘_,la‘,.h;llmlh.nl
—1 Y b e uaaiall il pal cilsy
by aae dligy, Ve ,a,.h.ﬂwud.t.‘ud_,.ut.._n BRI A I K IR
CLJM‘UJJL@‘J f.°c\;l.nant_||F|hJ_)‘,4t.\ VE de yu e _)_,L‘.‘ch\.l.“
e skl zlaill b die oll3yy, 1vun,umu:uu¢muhlﬂm \‘-CL:.lll
CL&chJLJ'ng ol jadl oy ¥. -CL:uncLLhA-\..u‘J_,qt.\ YV as
(Aap Jiva) d B G 5ad e pladl
Siia ey (%8¢) Badd plin ) Gailad Cua e dadd JSS Ltk o el o8 -
¢l[r‘vf°‘-f-)—-u—1° J,_Ldawhg.amdb,(%u)mthbhhuudg
Yopail pla i g jLliady YY,0 dada p hie e pladd pla G adl 44 5
Aol prladll 220 5 8 Slllaia 8 %VANE Y08 YTLY L jolia 30l ) sl b - ¥
Q‘,I__ﬁ_adamqeh\t;&yuhudhlﬂ{:uq‘ﬂ,v‘ z.l:_)uuhiji."ll_)u‘-\.\bd‘b_,
vafiill Jeo £0t YY,0 ¢ e pladll pla il i L
(J" YMuYMJngmCmJMCuﬂHM)ﬁLLﬂ&—‘
3y shaall plaill sadiid (Bia e XS %o e gladd Fls Gl adl L) Japdal Slea
h—l‘alkuuluauut_lhs_,uduwuj/o‘\'v .Ea.lchlnh‘.«uf%\i*h_}_!
LT a8 iy A5 o 48

236



