Agricultural engineering programs as FARM MACHINERY AND POWER
related to employment requirements:
157 - 181

DESIGN AND MANUFACTURE OF THE INJECTION
MACHINE OF AGRICULTURAL RESIDUES AND
SOLID MATERIALS IN THE SOIL

Dr- Wagdy Zaghlool EI-Haddad

ABSTRACT

This investigation carried out, to design and manufacture of the injection
machine of agricultural residues after its chopping and solid materials
into the soil. This machine consists of the injection device and subsoiler
plow. The experimental and designing studies were confined to
determine the effect of . auger shape design, cross sectional area of the
infection tube, screw (auger) rotational speed, gate area of straw
discharge, tractor forward speed, residues density and mole depth on the
theoretical volumetric capacity, actual volumetric capacity of an
auger(m’/ min), volumetric efficiency of an auger (%) the discharge rate
(m’/min), Mole filling efficiency (%), and some physical & chemical
properties of soil after injection. The machine was tested and evaluated
under four different forward speeds of 12, 15, 20 and 30 m/min. (0.72,
0.90, 1.2 and 1.8 km/h), four auger rotational speed of 100, 150, 200 and
250 rpm, three gate area of straw discharge of 250, 500 and 750 cnt’,
one mole space of 4m, one mole constriction depth of 60 cm. and one
organic plant residues (rice straw afier chopping) and solid material
(sand).

Results indicated that the highest value of discharge rate is .290 n’
/min thar obtained at the auger rotational speed of 250 rpm is adjusted at
gate area of straw discharge of 750 cm2 and forward speeds of 30
m/min. (1.8 km/ty for a bulk density of 1.56 and 0.0802 gicm’ for sand
and chopping straw respectively. While the lowest value was (.105,
m’/min at the auger rotational speed of 100 rpm is adjusted at gate area
of straw discharge of 250 cm’ and forward speeds of 12 m/min. (0.72
km/h) for a bulk density of 1.56 and 0.0802 g/lem’ for sand and chopping
straw, respectively.

*

Researcher, Agric. Eng. Res., Inst., (AEnRI), EI-Giza, Egypt.
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INTRODUCTION
gricultural residues are considered treasures. The Egyptian
farmer did not know its importance and the highest energies so

far, the lack of equipment, machines and services that deal and
interact with residues to make it stronger investment from the investment
of the grains. Crop residues are one of the most critical problems, which
face the Egyptian farmer. The quantity of crop residues in Egypt reached
about 18.7-25 million ton per year and national income might be
increased with 1.6 billion LE/year if we try recycle it, (El-Berry et al
2001 and Awady et al. 2001). This led to a study for the design and
manufacture of machines to be added to deal with its main agricultural
residues recycling. Therefore, the aim of present study was to design and
manufacture of the injection machine (convening of crop residues into
the soil) of agricultural residues in the soil,
There are several methods used to convey agricultural materials. The
selection of convening method depends upon the nature of application
and on the type of material being conveyed. The agricultural material
may be liquid, granular, powder, fibrous or any combination of these.
Generally, conveying is accomplished by a combination of mechanical,
inertial, pneumatic and gravity forces. Conveyors utilizing primarily
mechanical forces are screw, and chain conveyors. Osciltatory conveyors
rely on the inertial and the friction forces. Pneumatic conveyors employ
the aerodynamic drag to accomplish conveying. Conveying by throwing
combines both the inertial and aerodynamic forces Silo loaders utilize
these principles.
Screw Conveyors: Augers are used to convey materials that are free
flowing such as grain to difficult fibrous materials and powders. For
example, in a grain combine, augers are used to move cut crop on the
platform to the feeder housing, clean grain at the bottorn of the cleaning
shoe to the grain tank, and to unload the grain tank on to a wagon or a
truck. Augers are used at the grain elevators and farmstead to load grain
storage bins and on the feedlot for feed distribution. The auger length is
defined as the length of the tube assembly including any intake but not
including the intake hopper and the head drive. The intake length is the
visible flighting at the intake of the auger. The outside diameter of the
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tube is referred to as the auger size. A standard pitch auger is the one
whose pitch is approximately equal to outside diameter of the helicoidal
flighting. Generally, the pitch is not less than 0.9 and not more than 1.5
times the outside diameter. Standard pitch augers are used for horizontal
and up to 20° inclination angles. For inclination angles greater than 20°,
half standard pitch screws are used. Srivastava et al. (1993)

Miller and Aursted (1971) found that straw incorporation of the furrow
bottom increased furrow infiltration in sandy loam soil during 3 years
study period. Straw incorporation become less effective as the season
progressed. The annual addition of 13.4 Mg of straw /ha increased
infiltration over the control about 90% during the first season, 65%
during the second and 35% during the third season.

I m (1982) concluded that the addition of organic materials improved the
soil permeability to water even if the soil was severely compacted .The
improvement of permeability was entirely due to the increase in total
porosity. Since organic matter has high water holding capacity, its
addition to soil should increase the amount of available water.
El-Maddah (2000) mentioned that the organic matter content in
Egyptian soil gradually decreased and in order to increase it, the use of
different sources of organic residues become necessary. Dierickx (2003)
reported that torpedo diameter is 65 to100 mm is recommended. and the
channel diameter will be slightly less immediately after molling. Moles
less than 400 mm deep are liable to be damaged by tractor and animals
during or immediately after rain. The use of mole plow need draft about
10N per subsoiier shank was at operation depth about 46 c¢m
Fi-Ashry (2008) mentioned that possibility to use the local ditcher for
geiting mole for depositing crop residuals as complete structure (without
grinding). The optimum operating conditions for the ditcher were found
at 2.12 km/h forward speed, 15 degree rake angle and 60 cm mole depth.
The aims of present study were to: ‘

-Design and manufacture of the injection machine (convening of crop
residues into the soil) of agricultural residues afier its grinding in the soil.
-Test the feasibility of using the injection device (screw auger) for
convey crop residues (rice straw after chopping) and sand into the soil.
-fivaluation ihe injection machine (injection device and subsoiler plow
unit) performance under different operation parameters.
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MATERIAL AND METHODS

3.1. Prototype structural design:

The present study included a design and manufacture of the injection
machine {(convening of crop residues into the soil) of agricultural
restdues in the soil. It was constructed in a private Workshop in
Kafrelsheikh. A field study was conducted in heavy clay and salt affected
soil at Meet El-Deeba in Nile Delta. The experimental work was carried
out in one feddan at Meet El-Deeba Rice Mechanization Center of
Agricultural Engineering Research Institute, Kafrelsheikh Governorate,
in sumimer and winter seasons of 2009. The machine is consisted of two
main units; injection device and subsotler plow unit.

The first unit is injection device (the screw conveyor) consists of a shaft
45 mm dia. which carries helicoid flightings150 mm dia. on its outer
surface and pitch auger 200 mm. These flightings are enclosed in a Tube
1270 mm length for elevating augers. The tube is held stationary while
the rotation of the flightings causes the material to move longitudinally.
Figure 1 shows the essential components of a screw conveyor (the
injection machine).At the in let side, the auger flightings extend beyond
the tube 350 mm. A feed hopper (Pyramid funnél has volume of about
0.3 m’ about 0.5 ton), has size 1000x1000x1050 mm is provided to hold
the material while it is conveyed into the steel tube with diameter of
about! 30 mm. Augers can be permanently instzlled in a machine. The
auger 1s driven at the intake side. The injection machine was operated
and puiled by Tractor (120 kW). The power i1s transmitted from P.T.0O.
Roiary motion can be transmitted from one shaft to another in this
machine by using reduction unite 1: 2 | four gears and two chain one
inch. The auger length (162 cm) is the length of the tube assembly
including intake gate which controlling feed but not including the intake
hopper and the head drive. Inclination angles 90°. In this design have
used flights, variable pitch,{12 to 20 cm ) and stepped-diameter
screws(30 to 15 cm) at intake hopper after the head drive for moving
difficult materials and controlling feed as shown in Figia.
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Fig.la: A schematic diagram number 1 of the injection machine of
agricultural residues in the soil constricted by Dr- Wagdy El-haddad
.This machine has a good performance in the sand injection and low

performance with the straw injection

The second unit is subsoiler plow contains the heavy design of the frame
for protection during impact with buried rocks has three hitch points.
Subsoiler is used to break through and shatter compacted or otherwise
impermeable soil layers and to improve rainfall penetration. It can be
operated at depths of 45 to 75 cm or more.
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Fig.1 b: Prototype number 1 of the injection machine of solid
materials and agricultural residues in the soil

* The subsoiler plow mass is about 280 kg. To protect the tube of residues
injection during plowing (mole construction), has been modified of shank
by add two wings on two sides have the same shank length from steel
take the form of triangle, his base at front the injection tube. Share wide
increased for same propose as shown in figure lc & d. With the
instatlation of a sharp knife at shank front vertically and same his length

in the form of an isosceles triangle to reduce the soil resistance as shown
in figure Ic.
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Fig.1c&d: Tube of residues injection and modified shank to protect the tube
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Fig.2 a: A schematic diagram
number 2 of the injection
machine (a screw conveyor
and subsoiler plow), of
agricuitural residues and solid
materials in the soil
constricted by Dr- Wagdy
El-Haddad. This machine has
a good performance with the
sand injection and chopping
straw injecticn.

Field experiments were
conducted on this machine

Fig 2c: Prototype NO.2 of the injection
machine of agricultural residues and solid
materials in the soil
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Table 1: Specifications of the Injection machine

Items ~ Specifications
Length x Width x Height, cm 201= 100 <242
Mass, kg 390
Source of power Tractor engine, 160 hp (120 kW)
The first unit is injection device (screw conveyor)
-The shaft dia, mm ‘:go
-Helicoid flightings diameter, mm w=-----sr-meme-me--- 200
-pitch auger, mm 1260
-Tube length of augers, mm 1550
- Tube inside diameter, mm 350
-Auger flightings extend beyond the tube, mm, —-- | 1000%1000%1050
-A feed hopper : (Pyramid funnel) Lx W x H, mm - ;_620
-The auger length, mm o0°
- Reduction unite of speed
-Inclination angles of auger (degrees) —-——-—-
The second unit (subsoiler plow):
Mass, kg ?Igg
Shank length, mm

Injection machine performance:

A mole drain is a tunnel 150 x 150 mm in square formed in clay soil by
injection machine. These tunnels fill of sand or chopping straw in order
to maintain tunnel form and not its collapse.

This uvnlined tunnel acts as a conduit to remove water from the soil,
Figure 2. Mole drains are spaced about 4 m apart and are 0.6 m deep.

This provides an intensive drainage system suitable for heavy clay soiis
that quickly removes excess water from the root zone and much less
interception of saline groundwater than deeper traditional pipe drains.
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Field experiments were conducted in heavy clay and salt affected soil at
Meet El-Deeba Rice Mechanization Center - Kafrelsheikh Governorate.
Some physical and chemical properties of the experimental field were
measured and summarized in table 2.

Table 2. Physical and chemical properties of soil before injection

fece® dsm| sar* | p** ! Basic LR.| Cum. | Particle size distribution |Texture
at 26 OC (covhr) | (omy | Sand% | Silt% | Clay%
45-669 | 123 | 82 2.0 35 | 231 | 253 | 516 | Clay
* Measured in soi! paste extract ECe= electrical conductivity SAR = sodium adsorption ratio

** Measured in 1:2.5 soil water suspension.  Basic LR.= Infiltration rate  Cum = Cumulative infijiration
The mean of soil moisture content from 0 level to 60 cm deeps were
measured and summarized in Table (3).

Table3: Average moisture content of soil before plowing and

Soil depth, cm 0-15 15 - 30 30 - 45 45 - 60
Moisture content, %% 12.31 21.34 28.94 31.78
injection

The average of some physical properties and analysis results in table (4)
Table 4: Some charactenistics of the used organic residues and sand

Residual type and] Straw Sand Coef.of friction Bulk mc,%
Solid materials length, | diameter, densit}r,
(cm) (mm) I M2 g/cm {db)
Rice straw 05105 ———an 04 0.6 0.0802 430
Sand ———— lio3 0.8 0.9 1.560 64
u; = matenial-metal friction U3~ matenal- matenal friction

3.3. Experimental Procedures:

The machine was evaluated with
ogcrating parameters such as:
four different forward speeds of
0.20, 0.25 0.333 and 0.50 m/s
(0.72, 0.90, 1.2, and 1.8 km/h).
Four screw (auger) rotational
speed of 100,150,200 and 250
r.p.m, Three gate area of — _ =
discharge of 250, 500 and 750 (F.;'Eo,,ﬁf,{g) inhﬁwsg’n% s?ma:;ess?e:ve wr:f;g:g

cm® .One mole depth of 60 cm. and fed gradually to the feed opening

and one organic piant residues (rice straw after chopping) and solid
material (sand). Mean of three replications of each variable was taken to
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represent the effect of this variable. The machine was run and each crop
residues sample (grinding) was weighted and fed gradually to the feed
opening manually within approximately 120 second.

3.4. The Measurements: were carried out to evaluate the residues flow
inside the soil, three parameters were determined. The discharge rate (D)
g/min, the volumetric efficiency percentage (1,) and penetration
resistance (N/cm?). Bulk density was measured by filling a known
container volume with the straw residues and solid material (sand) then
the mass of straw residues and the sand was determined and the bulk
density was calculated from principle equation.

pb = m/v ———— e
Where:
pb =The bulk density of the residues, g/cm’;
m =The mass of the residues, g;
v =The volume of the residues, cm”.

The moisture content of residues (rice straw stalks after chopping) were
determined. Samples were oven dried at 105°C for 24 hours. All
moisture percentages were determined on wet basis to the following
equation:

— wi'wz

My x100, % e 2

3
Where:

M,, =The moisture content of sample on wet basis, %;

Wi =Weight of wet sample, N and

W; =Weight of dry sample, N.
The time of run of the experiment was measured by means of a stop
watch. A tachometer that engaged to the rotational speed of screw
conveyor., Physical properties of soil variety was evaluated (as shown
in table2) which was very important to modify the machine No. 2. An
average of three replicates of this procedure was taken. The bulk density
g/em’, discharge rate g/min, power consumption (kW), Specific power
requirements of an auger (W.s / kg.m) were estimated for each test
3.6. The discharge rate, kg/s ( Injection machine discharge):
The discharge rate was calculated as follows:

D =W3600/t = i, 3
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Where:
D = discharge rate, g/s
W = the mass of sample, g and
! = Injection time in second.

Q.=b/p
Where:
Q, = actual volume capacity, cm’ /min
D = discharge rate, g / min
£ = bulk density of the material, g /cm’

3.6. The theoretical volumetric capacity of an auger is expressed as

-

Ql =;(ds2r md:s) l"p xn

S

Where:
Q. = thearetical volumetric capacity (m*/s)

dyr = screw flighting diameter (m)

dgs = screw shaft diameter (im)

Lp = pitch tength (m)

n = screw rotational speed (rev/s)
3.5. Actual volumetric capacity; cm’/min
In reality the actual capacity of an auger is considerably less than the
theoretical capacity. This results in foss of volumetric efficiency. The
volumetric effictency is defined as:

nv=%x100 ................ 6

Where:

1. = volumetric efficiency; %

Q. = actual volumetric capacity; cm’/min
3.6. Screw conveyor performance was determined by using the
application of dimensional analysis methods (Rehkugler and Boyd,
1962).

; o o

S - 432 x 10-6( 2::1@3{%} (—] " x (£, (@15 (g )757 (g, )2

T R
c_{.”az;" A jip v

g = acceleration due to gravity (m/sz)
[, = exposed screw intake length (m)
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& = angle of conveyor inclination, (degrees)  flrgi= 1= cos°9
u; = material-meta! friction u; - material- material friction
3.7. The power requirement of an auger: is expressed by the specific
power. The specific power is defined as follows:

P
P= A 8

Qapb

Where:

P' = specific power, W.s/kg.m

P =total power, W

L =auger length, m

po = material bulk density, kg/m’
Thus, the specific power is the power required to convey a unit mass
throughput rate per unit auger length.
3.8. The draft force for pulling the injection machine (the subsoiler plow
and injection device) measured by using two tractors and a calibrated
hydraulic force dynamometer (5000 kg force capacity, accuracy of 50 kg)
connected between the two tractors by a chain and the subsoiler plow
was mounted on the rear tractor.
3.9. Power required for injection.
The power could be estimated according to the following equation:
Power =Net draft force (k N) x Injection forward speed (m/s}, kW ----- 9
3.10. Width and depth of molling measurements.
The actual width and depth of mole were measured and determined by
using across section into soil at depth 60 cm.
3.11. The penetration resistance of soil were measured before plowing
and irrigation (without injection the residues) and after plowing and
irrigation (with injection the residues). Japanese con penetrometer, model
SR-2 Dik 5500 was used to measure the penetration resistance of soil.
3.12. Soil bulk density ( Db g/cm’ )} was determined by using the core
methods (Vomocil, 1986).
3.13. Total poraosity (E,%) and veid ratio (e} were calculated by using
the following equation :-

E,%:(l—g—b—)xlO(} and —-—-— 10
r
e=2rﬁ—l ————— 11
Db
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Where:
Db : is the bulk density, g/cm3
Dr : is the real density, taken as 2.65 g/cm’

*Before plowing and injection (without injection the residues) and after
plowing and injection (with injection the residues) soil samples (0-20,
20-40 and 40 — 60) cm depths) were collected from each plot to
determine some soil physical properties above mentioned.

3.14. The soil infiltration rate

Double ring infiltrometer was used to determine the soii infiltration rate
according to Garcia (1978). Electrical conductivity (EC).and sodium
adsorption ratio {SAR) were measured according to the methods
described by lackson (1958)

3.15. The mole filling efficiency was calculated by using the following
equation:

Volume of injected material into mole,(m*/ min)
Mole filling efficiency (%6) = x 100

Volume of constructed mole into soif, (m*/ min )

Where :

Volume of injected material into mole , (m*/ min) = Actual volumetric capacity of
an auger; (m’/min)

Volume of constructed mole into soil, (m* min} = Theoretical (Design) mole cross

Sectional area (m?) x Length of molling line (m)
; x TR T =z e

Fig2e: Volume of injected material Fi% 2f° Volume of constructed mole into soil,
into mole,(m” min) =Actual || (m* min) = Theoretical (Design)} mole cross
volumetric capacity of auger, M min sectional area (m’) xLength of molling line (m)

RESU LTS AND DISCUSSION
4.1. Effect of screw (auger) rotational speed and gate area of discharge

on actual volumetric capacity of the auger; (m’/ min):
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The effects of auger speeds on actual volumetric capacity of the auger as
affected by different variables are shown in Table 5 and Figure 3. The
results indicated that, the actual volumeiric capacity of the auger
increased as the auger speed increased when other variables were kept
constant.

At auger speed of 100 r.p.m, gate area of discharge of 250 cm’ and
forward speed of 0.72 km/h, when the auger speed increased from 100
to 250 r.p.m. It was found that actual volumetric capacity of the auger
increased from 0.105 to 0.152 m*/ min (by increasing ratio of 44.76 %).
while it slightly decreased to 0.132 m’/ min when forward speed
increased to 1.8 km/h, (by decreasing rate of 25.71 %) This result may be
due to increasing forward speed tends to decreasing volume of injected
material into mole. Also, at the same auger speed, the actual volumetric
capacity of the auger was generally increased by increasing gate area of

discharge materials. At auger speed of 250 r.p.m, the actual volumetric
capacity of the auger increased from 0.257 to 0.290 m* min at gate area
of discharge 750 cm? (by increasing ratio of 12.84 %). The highest actual
volumetric capacity was obtained with 250 r.p.m auger speed , 750 cm’
gate area of discharge and forward speed of 1.8 knvh,

The data in Table 5 indicated that, the actual volumetric capacity of an
auger is considerably less than the theoretical volumetric capacity. This
results in loss of volumetric efficiency of an auger due to variables
affecting screw conveyor performance such as tube inside diameter,
outside screw diameter, screw length, screw pitch length, exposed screw
intake length, angular speed, angle of conveyor inclination, material bulk
density, material- material friction and acceleration due to gravity.

4.2. Effect of screw (auger) rotational speed and gate hole area of
discharge on volumetric efficiency of an auger; % at different forward
speed of tractor:

The 18" Annual Conference of the Misr Soc. of Ag. Eng,, 26-27 October. 2011 - 170 -



FARM MACHINERY AND POWER

Table 6 and Figure 4 show the results of volumetric efficiency of an
auger; % as affected by screw (auger) rotational speed, gate hole area of
discharge and forward speed of tractor. The data indicated that ,
generally, the volumetric efficiency of an auger was decreased with
increasing screw (auger) rotational speed at all gate hole area of
discharge, while , it increased with increasing gate area of discharge at
constant auger speed. At 750 cm® gate hole area of discharge, increasing
auger rotational speed from 100 to 250 rp.m tends to decrease
volumetric efficiency of the auger from 46.10 to 30.84% (by decreasing
ratio of 33.10 %), while, at 100 r.p.m auger rotational speed, when
increasing ‘

Table 5: Effect of screw (auger) rotational speed and gate area of
straw discharge on the theoretical volumetric capacity and actual
volumetric capacity of the auger; (m’/ min) at various forward speeds,
km/h.

_ Sn Forward speeds, km/h Forward speeds, km/h
: E -g‘g g g ?? 00 Jo72 0912 [ 18] 00 o72]0%( 12] 18
& g = § n; E :E"n Theoretical volumetric capacity] Actual volumetric capacity
= " of the auger, (m* min.) of the auger; (m*/min.)
250 0321 (0386 | 0418 [ 0.449 | 0482 § 0.088 { 0105 | D114 | 0123 | 6132
100 500 - - - - - fone 013790148 | 060 | 047
750 - - - - - Bouss [ 0178 {0193 | 0208 | c.224 |
250 0482 | 0.514 { 0.546 [ 0579 | o611 Q0010 L 0117 | 0124 ) 0832 ] 0.139
150 500 - - - - - Fou43 loasz | ol § 072 ] 0181
750 - - - - - 0.186 | 0,198 ) 0,209 } 0.223 | 0,235
250 0643 | 0675 | 0707 | 0.739 ) 0.771 } ©.130 | 0.136 | 0.143 ) 0.149 ] 0.156
200 500 - - - . - 10169 | 0.077 | 0.186 { 0.194 | 0.203 |
750 - - - - - 0.220 | 0230 | 0242 [ 0252 | 0.264
250 0801 | 0835 | 0857 | 0.899 ) 0.931 J 0.146 | 0.152 { 0.158 | 0.164 | 0.170
250 | 500 - - - - - 0.190 | 0.198 { 0205 [ 0.213 [ 0.221
750 - - - - - 0.247 T 0257 | 0267 | 0.281 | 0.29%
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Table.6: Effect of screw (auger) rotational speed and gate area of straw
discharge to auger on volumetric efficiency of an auger; % at various
forward speeds, km/h. (without and with forward movement of tractor).

———

SCrew Gate area Forward speeds, km/h
roiaional | ofstraw gy~ 355 | TI® T T3]
speed3 discharge . h . . .
r.p.m to anggr, Volumetric efficiency of an auger; %
| 250 2741 27.20 21.27 2739 21.40
100 500 ELES] 3530 Bal 3595 35.70
750 46.10 46.11 46,17 46.33 46.47
—— - o — mibi—
150 1282 22.76 22.71 22.80 22.75
150 500 29..66 79.57 1549 29.7 29.62
750 3859 |~ 335 3878 3853 3846 ]
150 2012 20.15 20.23 20.16 20.23
200 500 26,28 ] 2631 26.15 26.33
750 3421 34.10 3422 34,10 34.24
250 250 .23 8.20 18.22 18.24 13.26
5 0] B 3371 2364 .69 3,74
750 30,84 30.78 30.50 31.26 31.15
150 —500 —a=750 om? Gate area —#=100 B 00 e 24w Soe (e peed
L Al gote aren of "5 o'
)a .
¥ [ R . . .
.E‘: 30 - g g - ...._. e -
%‘E - §$ 0. X w " 4 )
% - ¢ B
13 1EE
E 10 - % a 1o
E S e
3 i} i F . . .
- 100 1% 00 50 S [%/] 09 12 18
Screw (auger) speed, rp.m Forward gpeed of tracior, Kavl
Fig.3: Effect of Screw (auger) rotational Fig.4: Effect of forward speed of
speed and gate area of straw discharge to tractor and screw (au&er) rotational
auger on volumetric efficiency of an speed on volumetric efficiency of an
auger; % without forward movement of auger;, % at gate area of 750 cm” of
tractor. straw discharge to auger.

gate area of discharge from 250 to 750 cm?, the volumetric efficiency of
the auger increased from 27.71 to 46.10%. From the results revaled
above, it can be seen that volumetric efficiency of the auger is low with
lower auger rotational speed. Also, is high with higher gate hole area of
discharge.
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Table.7: Effect of screw (auger) rotational speed and gate area of straw
discharge on actual sand discharge rate into soil and actual straw
discharge rate into soil; (kg/ min) at various forward speeds, km/h.

- S Forward speeds, km/h Forward speeds, km/h
: EE g § gn § 00 {072{090 ]| 12| 1.8] 00 j072)090 | 12 | 13
B L A E % Actual sand discharge rate { Actual straw discharge rate
into soil , kg/min into soil, ke/min
250 1373 | 1638 | 1778 | 1919 | 2059 § 7.042 | 8.402 | 9.129 | 5.840 | 10,56
100 500 177.4 | 2137 | 2309 | 2496 ) 268.3 § 9.122 | 1096 | 1184 [ 1280 | 13.76
750 2309 | 277.7 | 3011 [ 3245 | 3494 § 1184 | 1424 | [544 | 1664 | 17.92
250 1746 | 182.5 | 1934 | 2059 | 2168 | 8802 | 9362 | 9922 | 10.56 | 11.23
150 500 2231 | 237.0 | 2512 ) 2683 | 2824 | 1144 | 1216 | 12.88 | 13.76 [ 14.48
750 20021 3089 | 3260 | 3479 ] 3666 § 1488 | 584 | 1672 | 1784 | 1880
250 2028 | 2122 {2231 | 2324 | 2434 3 1040 | 10.88 § 1144 | 1192 ] 1248
200 500 263.6 | 276.1 | 2002 | 3026 | 3167 § 1352 | 1416 | 1488 | 1552 | 16.24 |
750 3432 | 3588 | 3775 | 3930 | 4108 § 1760 | 1840 | 19.36 | 2017 | 2113
250 2278 | 2371 | 2465 | 2558 | 2652 | 1168 | 12.16 | 12.64 | 13.12 | 13.60
250 500 12964 | 3089 | 3198 | 3323 | 3448 | 1520 | 1584 | 16,40 | 17.04 | 17.68 |
750 3853 | 4009 | 4165 | 4384 | 4524 J 1976 | 2057 | 2137 | 2249 | 23

i - N 1
——— 50— S0 +F§ﬂan_0nm!
I

458

e ._’__”-’______.___.___.
308 | E -
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!
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Tractor forward speed.km/h
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Actual straw (Mschrage yale
tnto soll. kg nin
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Fig.5: Effect of tractor forward speeds
and gate area of sand discharge on actual
sand discharge rate into soil; (kg/ min) at
auger rotational speed of 250 rp.m

Fig.6: Effect of tractor forward speeds
and gate arca of straw discharge on
actual straw discharge rate into soil; (kg/
min.) at auger rotational speed of 250 r.p.m

1
|
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Table 8: Effect of screw (auger) rotational speed, gate area of straw discharge and forward speeds on mole filling efficiency (%)

z IForward speeds, km/h Forward speeds, km/h Forward speeds, km/h
E g, (m /min.) m /min. m /min.)
§ 57 ;;:5 00 072 090 {12 |18 |00 [0.72 |09 j12 1.8 00 |072 {090 {12 |18
§ &l a5 5 (12) 1¢15) (@0 [ @0 0.0 | {12) | (28~ (2% 30y (0.0 [ (A2) [ (15 [ 20 | (30
g e BPe Volume of mjected naterml into . :
ft P Volume of constricted mole into mole, (m”/ min.) = . .
& = ' soil, (m’/ min.) {Actual volumetric_capacity of Mole filling efficiency (%)
© the auger; (m*min.)
250 - 0.2706 | 0.338 | 0.450 | 0.675 - 0.105 | 0.114 1 0,123 | 0.132 - 38.89 | 33.73 | 27.33 | 19.65
100 500 - 0.270 | 0.338 | 0.450 | 0.675. - 0.137 | 0.148 | 0.160 | 0.172 - 50.74 | 43.79 | 35.56 | 25.48
750 - 0.270 | 0.338 | 0.450 | 0.675 - 0.178 | 0.193 | 0:208 | 0.224 - 65,93 | 57.10 | 46,22 | 33.19
250 - 0.270 | 0.338 | 0.450 | 0.675 - 6.117 | 0.124 | 0,132 | 0.139 - 43.33 | 36.69 1 29.33 | 20.59
150 500 - 0.270 | 0.338 | 0.450 } 0.675 - 0.152 | 0.161 : 0,172 | 0.181 - 56.30 | 47.63 | 38.22 | 26.81
750 - 0.270 | 0.338 | 0.450 { 0.675 - 0.198 | 0.209 | 0.223 | 0.235 - 73.33 | 61.83 | 49.56 | 34.81
256 - 0.270 | 0.338 | 0.450 | 0.675 - 0.136 | 0.143 | 0.149 | 0.156 - 5037 1 52.96 | 33.11 | 23,11
200 500 - 0.270 | 0.338 | 0.450 | 0.675 - 0.177 | 0.186 | 0.194 | 0.203 - 65.56 | 55.03 | 43.11 | 30.07
750 - 0.270 | 0.338 | 0.450 | 0.675 - 0.230 | 0.242 | 0.252. | 0.264 - 85.19 { 71.90 | 56.00 | 39.11
250 - 0.270 | 0.338 | 0.450 | 0.675 - 0.152 | 0.158 | 0.164 | 0.170 - 56.30 § 46.75 | 36.44 | 25.19
250
500 - 0.270 } 0.338 | 0.450 | 0.675 - 0.198 | 0.205 | 0.213 | 0.221 - 73331 60.65 ] 47.33 | 32.74
750 - 0.270 : 0.338 | 0.450 } 0.675 - 0.257 | 0,267 | 0.281 | 0.290 - 95.19 | 78.99 | 62.44 { 42.96
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Fig 7: Effect of tractor forward speeds, gate area of straw discharge
on mole filling efficiency (%) at auger rotational speed of 250, r.p.m

4.3. Effect of tractor forward speeds, km/h and gate hole area of
discharge on mole filling efficiency (%):

Table 8 and Figure 7 show the results of tractor forward speeds, km/h and
gate hole area of discharge on mole filling efficiency (%). The data
indicated that, generally, the mole filling efficiency was decreased with
increasing tractor forward speeds, while, it increased with increasing gate

area of discharge at constant auger speed. At 750 cm” gate hole area of
discharge, increasing tractor forward speed from 0.72 to 1.8 km/h tends to
decrease mole filling efficiency from 65.93 to 33.19% (by decreasing
ratio of 49.66 %), while, at 250 rp.m auger rotational speed, when
increasing gate area of discharge from 250 to 750 cm”, the mole filling
efficiency ncreased from 56.30 to 95.19% at 0.72 km/h tractor forward
speed. From the results revaled above, it can be seen that mole filling
efficiency e low with lower tractor forward speed. Also, is high with
Ficher gate hole arca of discharge.

Table.9: Fffect of tractor speed on draft power, specific power of an

auger and mole filling efficiency at auger rotational speed of 250 rp.m ,
gate arca of 750 cm” of straw discharge to auger and mole depth, 60 cm

; -
Tractor | Net | Net | Net Spe‘“;r‘,";fgg;'f’f"f Mole filling
speleu,ﬂ;mfs | drafl, uﬁ\?’ power, W.s / ke.m Effl(“;lcncy
. Efm:) i ke kW Sand Straw (%)
77777 020 (072) | 1950 | 1913 183 | 00983 ] 1912 | 9519
| 025465 L 2900 | 2158 540 | 0.1334 | 2504 7899 |
0332y 0 2800 | 27.47 915 | 02147 | 4177 62.44
| 050 (i) | 3150 | 3090 | 1545 | 04239 | 8248 42.96
et draft = diatt, (with ioad) - draft, (no load) MNet draft power. kW = draft, kN (witli toad) - draft. kN {no load)
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4 .4, Effect of mole constriction depth, mole space and treatments type
on Infiltration rate, electrical conductivity, sodium adsomtion ratio, bulk
density, total porosity void ratio and penetration resistance :

The data in Table 10 indicated that, infiitration rate was decreased with
increasing mole depth and it recorded the resuits best with treatment of
{Subsoiler +Sand) and treatment of ( Subsoiler +Chopping rice straw).
Sodium adsorption ratio and electrical conductivity were decreased and
gave results best with treatment of (Subsoiler +Sand) and treatment of
(Subsoiler+Chopping rice straw).This refer, successful injection machine
in improvement some physical and chemical properties of soil after
injection. Tablel0. In conclusion scil penctration resistance decreased
with soil bulk density decreased. It decreased with void ratio increased.
Hence, decreasing of soil penetration resistance increased plant ability to
penetrate the soil surface and effect in crop yield as shown in Table10&1 1.
Tablel0: Effect of mole constriction depth and treatments type on soil
Infiltration rate, electrical conductivity, sodium adsorption ratio, bulk
density, total porosity, void ratio and penetration resistance at mole space

of 4 ‘m. after harvesting.

@ o Mole space, 4 m
5 2 - . E
@ @S —~1 C 2 CEr - =3 o
=2 e =~ | gE o _B=g mem | e~ 2 =22
£ S |SEeEl S5 | B2-F| ES5T =252 F| E~ (S5
[ T ) Em —l = Eol =B=g| 22 o B2 =l =P
3 e =FE cawnl ve ~T1 S8 gy S| = — |weZ
= & E 2| SRR sEsE|Te P~ 2 =%
= o £ £ =g = > te
{Contrel) 0 .20 2.0 3.5 10.46 1.45 54.72 0.83 210
pvithout 20-40 1.7 669 | 1536 | 155 | 3849 [ 071 280
vesidues a0- 60 1.5 5.1 114 1763 61.13 0.64 300
0 - 20 28 28 3.25 1.25 57.83 112 200
Subsoiler 30 - 40 74 18 6.6 1.34 49.43 0.58 260
40~ 60 33 1.5 6.71 1 40 4716 .89 768
- 0- 20 5.2 223 7.32 136 4867 | 095 155
Subsoiler + |75 57 175 5 44 | 4566 | 084 753
Sand 30- 60 73 33 33 157 1 4300 | 075 370
Subsoiler + ¢- 20 29 3.4 15 136 | 49.06 0.95 197
Chopping rice 20- 40 735 15 | 657 142 4542 087 258
straw 30- 60 715 3.0 .95 133 42,36 0.73 771

4.5: Effect of treatment type on some characteristics of the comn stalks
crop and productivity. Table (11): Shows the results of com stalks crop
and productivity after harvesting where productivity was increased from
14.293 to 27.172 ton/fed with treatment of (Subsoiler +Sand), while it
slightly increased from 14.293 to 20.027 with treatment of { Subsoiler
+Chopping rice straw) at moisture content of 75 %.
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Table (11): Some characteristics of the corn stalks crop and productivity
after harvesting under moisture content of 75%, at different treatments

The conclusions of this study are summarized as follow:
I1-The actual volumetric capacity of an auger increased as the auger speed
increased. The highest actual volumetric capacity of 0.290 m’/ min was

The 18" Annual Conference of the Misr Soc. of Ag. Eng.. 26-27 October, 201 i

Stalks Stalks Round Productivity | Preductivity
Treatmen i Mass. N
r? pee t Length v fizameter:‘mm) ness, ’ inkm’ in ked
Y (cm) igimum | Magmum |, g ke (ton)
500 .18 1.8 05,42 72.89
2 143 00 1250 13.65 5158 137.84
3 13500 TE.05 12.07 155 96,01
a y
(\(I:V?tht;glt) 3 14000 125% 14.20 8.66 202.57
2 5 15700 1333 15.43 a5 5430
S“bs"&"‘r 5 000 17.00 5.35 3.60 8232 3573 14.293
a‘?j 7 25.00 1133 2.84 54 67.38
resicues 3 5400 12.66 500 84.29 164.15
3 110.00 1198 1331 90.01 13392
10 36.00 787 1335 5408 11035
Total 1393.00 12203 137.39 888.24 142193
Mean 139.30 12,203 13.739 88.82 142,93 3.573 14.293
] T12.00 E56 959 BI6 vy
2 14000 F0.72 11.78 91 .0 19171
3 125.00 12.87 13.04 78.69 113.26
4 160 (W) 14 44 10 82 96 49 98.47
. 5 Y000 146 1253 57 46 173,73
Subsoiter [ [45.00 1079 13.44 80.28 125.14 4.769 19.076
i 319.001 16.53 19.52 84,68 36347
% 32600 15,76 7.3 9147 308 14
9 174.00 15.98 17.5% %0.85 764.69
0 239.00 17.34 19.82 37.39 407,94
Total 1688.0 130.47 i47.55 884.24 1907..55
Mean 168.80 13.047 14.755 88.42 190.755 4.769 19.076
60.00 1630 17.32 34,66 24263
178.00 1611 1507 .15 77801
3 185.00 X 16.97 34.97 348.50
. 4 F77 000 17.91 1857 T6.45 206.73
Subsoiler [ T3t 00 1725 501 V3.8 301 9t 786 2717
+ Sand 3 LR 1668 18.71 R9.65 29657 6.78 172
7 17700 16,35 T9.00 36,05 a82.78 -
g 14800 15 41 21354 5011 317.50
9 TR 00 5.6 16.33 51,67 208 58
I 130,00 1207 1460 82,16 140.62
Total 1732.00 161.96 179,11 904 .3 2714.01
Mean 173.20 16.19%6 17.911 90.43 271.423 6.786 27.172
i 115.00 1152 12.33 5333 136.36
5 i53.00 12 32 373 #5913 198.26
: 3 187,00 1627 22.93 7056 38461
Subioﬂer i 3700 T 1336 T2.89 133.35
3 175000 1245 N 00 68 148,23
chopping [ ¢ 163 370 1693 8673 22373 5.005 20.027
| 7 190 00 477 16,43 89 89 34578
rice straw [— %00 1201 1350 $456 16718
g 160,00 1233 1357 90,19 3337
i0 3000 210 1303 92 86 141.09
Tatal 1710.00 130.02 150.21 854.8 2001.97
Mean 171.00 13,002 15.21 8548 200.197 5.005 20.027
CONCLUSION
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obtained with 250 r.p.m auger speed, 750 em’ gate area of discharge and
forward speed of 1.8 km/h.

2-The gate area of straw discharge (750 cm?) gave the highest values of
machine productivity

3-The volumetric efficiency of the auger was decreased with increasing
screw (auger) rotational speed at all gate holes area of discharge.

4-The mole filling efficiency was decreased with increasing tractor
forward speeds, while, it increased with increasing gate area of discharge.

5- The maximum of actual sand and straw discharge rate into soil were
452.4 and 23.21 (kg/ min.) respectively at forward speed of 1.8 km/h,
screw speed of 250 r.p.m and gate area of 750 cm’.

6- The maximum of the mole filling efficiency was 95.19 % at gate area
of discharge 750 cm”and 0.72 km/h tractor forward speed.

7- Infiltration rate was decreased with increasing mole depth and it
recorded the results best with treatment of (Subsoiler + Sand) and
treatment of ( Subsoiler + Chopping rice straw).

RECOMMENDATIONS: Take care not stand of the tractor during the
auger operate, during the injection process because it leads to the absence
of a tunnel for the discharge of material transmitted in the inside it, of
which increases the load on the injection machine and the tractor and
lead to cut the chain.
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Environment. Research Institute, ARC, Egypt for his help mn
measurements of physical and chemical properties of soil before and after
injection.
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