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ABSTRACT .

Some-investigations have been carried out on a {MAB)
rotaxy.cultivator to study the effect of some factors on
its performance. These factors are the depth of cut and
drum.rotary- speed.

Some of-the:performance parameters to be considered
in- this work are the power and specific energy per unit
mass .of soil on the rotor drum.

It has-been found: tnat the power requirements increase
with poth:the deptn of cut and drum rotary speed. Whereas,
the~specific<energy p§r‘unit magss of soil decreased witha
depth of-cut. and increased with drum rotary Speed.

1 - INTROUUCTION:.

Power-driven rotary cultivators have been regently introduced
into the kgyptian agriculture. They have been imported to replace
the decreasing hand labour.

Such machines: should be tested to adapt it to the Lgyptian
environment, the performance of these rotary cultivators is affec-
ted by many factors, amongest of which is the depth of cut and
drum rotary speed. Let alone the factors related to the soil which
will not berconaideredmin,thié.work. The type of the soil is clay
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loam.
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However, the most promlnent factors o be studied are;
1) depth of cut, 2) Tne" drum- rotary speed. “The: performance:
parameters are the drum torque and the power requlrements. ic
may be, thus p0531ble, in the llght of such study, to carry
out any necessary alterations to adapt the imported rotary
cultivators to the local Egyptian knvironment.

& = REVIEW OF PREVIOUS WORK:

Performance of a powaredriven.rqtafy culp;yatorﬁdééends
to great extent on the kinematics and gedmetry of cutting‘cber-
ation. Then the study of kinematics and geometry of_rotaryé
cultivation operation makes its possible to naVe more cohﬁrdl
over it to obtain the required best results.

Kegarding this poznt Hendrick and Glll(l) indicated tnat
any point on the periphery of an individual plédé describes
a trocnoidal path. The shape of the soil slice cut is remark-
ably affected by direction of rotation with respect to forward
speed. They derived a formula for determining the increment
of cut as given in equation (2=1) pelow.

. 2R ,
B = ﬂorl i"---bn-..-..._;‘(‘::‘l)'
where,
B = increment of cut,

]

rotor drum radius,
peripheral-to-forward speed ratio,
number of blades.
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Some performance parameters such as soil pulverization and
breakup fuel consumption and energy requirements are the prom-
inent parameters for rotary cultivation operation. "

As far as soil resistance is concerned, -Turner(z) pointed
out that the nature of soil and moisture content are the meort—
ant factors according to which tllllng methods are affected and
varied., For this reason the required torque will ‘also be aff-
ected. He reviewed some of the factoxrs affecting the selection
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and operation of cultivation implement as given below.

1 -~ type of soil.
2 = kind of crop.’
3 - moisture content.

With regard to soil pulverization sendrick and Gill(s)
pointed out that one of the main objectives of rotary tiller is
to break the soil into finer size particles. They also con-
cluded that soil pulverization increases with deptn. This is
pecause more blades will pass through the area and the probapility
of the.soil being recirculated is increased. Billat (cited by
nendrick;) indicated that rotary speed appeared to have greater
influence. on cled:size than did the depth of operation.

as for the geometry of cutting operation and power required,
Hendrick. and Gillc3) pointed out that the power requirement in-
creases with the length of path of the blades. In an endeavour
to obtain the mindimum length. of path, at which the power require-
ment wiil be minimum, they studied the relation between the drum
radius and the.depth of cut. They found thiat the optimum thneor-
ecical diameter-to-depth ratio at which the length of path~to=
depth ratio. is minimun ranges: between 1.13 to 1.33. Sbhne (Cited
by Gill)4 inVestigated the influence of rotary speed on average
torque. He repoxted that: the average torque increases linearly
witn rotary speed.  Moreover, Adams and Eurlong(s) studied the
effect of rotary:speed and drum radius on horsepower. Tney found
that the required power increases .with the rotary speed and drum
radius. In other: words, the power requirement increases with tie

drum peripheral speed.

3 - BQUIPMENT: -
3-1 Rotary éﬁiﬁivatgr:

A,(MAB)irota:y.cultivator-was'used as a power~driven rotary
cultivator to'be:tested :in this work.: "It is:composed of a 14 rip
motor and-.a power-driven 40 om diameter drum to which thne cutting
blades are attached-as:shown in Fiy. (1). The blades are arranged
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in 4 courses equally spaced on each:side of the machlne. Each
course contains 4 blades at equal angular spacing viz. 90°. The
entire drum width amounts to 105 cm.

To control tne deptn of cut, a deptn regulator tlme ls att—
ached at the rear of the machine as shown in Fig. (1). It con-
trols the depth of cut through its sinkage in the soil. Tne
operator holds and controls 'the machine by using the handle-bar.

3-2 Instrumentation:

A torque transducer was used to measure the drum torque. It
was mounted on the xright hand slde part of tne drum ‘as viewed
from tne rear as shown in Fig. (2). The sxgnal comlng from the -
transducer was received by a carriér~frquency measuring bridge.
It was used as a conditioning unit for measuring the torque. The
output signal from the conditioning unit was transmitted to
acharﬁ recorder. Recording was carried out witn'a_pen.qnvé roll
of graph paper. However, the schematic block .diagram of 'thef
measuring apparatus is as shown in Fig. (3). . L '

The rotary speed was measurxed by using‘a Mhlﬁiuwaénométér;
The experimental work was carried out in the Faculty of hngineer~
ing and Technology in Shebin EL-Kom.

4 ~ EXPERIMENTAL PROCEDURE:

Four courses of blades were mounted beside the toxque tran-
sducer as shown in Fig. (2). The bridye readings and chart recor-
der values were then calibrated.

4-1 Torque Measurement:

The transducer was connected to the conditioning»and~record—
ing units;through a sufficiently lony cable to allow for machine
test strokes. The maximum and minimum values of torgue were taken
from bridge readings. The average value of torque was determined
from the chart recorder. R
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4~2 Depth and Speed Measurements:

Depth measurements were carried out on botn sides of tne
drum at regular intervals of 2 metres. The engine rotary
speed the measured with the tachometer. The forward speed was
measured by using a stop watch.

5 - RESULTS AND DISCUSSION:

5«1 Theoretical Approach:

The performance of the rotary tiller under consideration
depends to great extent on the operator. A better understand-
ing of the tillage operation as carried out by thé rotary tiller,
is therefore very helpful in achieving a better performance and
effeciency of tillage operation. The machine works by virtue of
the drum rotation. The opérator holds tne handle-bar of the
machine and lets the drum rotate by means of the clutch. As the
drum rotates it starts to penetrate deeper into thé,soil'under
the effect of vertidally downward force acting on the drum. By
virtue of the cﬁtting process carried out By the blades of the
drum rotation the machine goes forward at particular forward
speed V. During the advance of the machine the soil is cut, pul-
verized and thrown backwards by the blades of the drum.

Throughout the advance of the machine with the drum rotat-
ion each blade on each course on the drum cuts a new siice of
the soil. The width of soil slice in direction of travel, call-
ed width of pite and denoted by B, is as yiven by equation(d-l).

With regaxd to the force actiny on the machine, these torces
may be sorted out as shown in Fig. (4) as follows: ) -

W =.machine own weight acting at C.G,
Rd= s0il reaction on drum, this force may be measured to be
acting tangentially on drum circumferance at a point 4

at the middle of the depth of cut at a vertical distance
g as shown in Fig. (4). '
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d_ and V_ = Soil horizoutal and vertical reactions ou depth
regulatoxr tine respectively,
ﬂp . Vp = éég;a§qr reactions on handle-bar,
w4 = Any added dead weights on the handle-bar. This

force acts vertically downwards.
Considering the ndxizontal components acting on the machine,

H = H + i ....‘.........(5-1)

W+Wd+Vp ---..0-.»-..-..‘5“‘2)

In wnzcn Va = Vertical component of soil reaction on the

drum.

‘ Slnce the drum 1s the most meortant part of thne machine,
some furtner study of the forces acting on this part, may be
of good use 1n%1,VEstlgat1ng the tillage operation as carried
out by the drum Lonalder a free body dlagram of the drum as
shown Ln rlg..(5).

J The drum welght plus the vertical reaction of tne

macnlne at tne drum centre,

& = uorlzontal component of the resultant reaction of
the machxne, »

= angular ‘speed of drum,

i

bpeed_ratxp.

Hence, yy = TS + Tc -oaa.ooo-co...(S“B)
where Tc = The torque needed for cutting and pulverizing tine
soil which is such that,

The ratio between tnese two types of torque depends tc great
extent upon the soil type.

5-2 Depth of Cut:

Deptn of cut can be changed py the depth regulator tine.
Increasxng the depth of tne deptn-regulator tine leads to in-
creasing H and, consequently, dd as indicated py equation (5~1).



X direction
(o] oI TORELI vy
(-] . C .
g . nid
. e
o
]
1 g .
° Yy
. o L
Q
a

,.JE::: ”-(H_‘f'éﬁ.i) f""‘ *" Soi—l.vﬂ__uri’ace

&m
i

§
h |
=1

Fig. (4) Vertical force relations for the rotary cultivator
ir the vertical plane parallel to the direction of

travell,

v e ewe e culfies

V-

S0il surface

Fig. (5) 4 free body diagram of the drwl.



55~

Assuming that the ratio Vd/rid is constaﬁt Vd will increase as
a result, i.e, increasing the depth of cut.

The relationship between the relative position A of the tine,
and thé average depth of cut is as shown in Fig. (6). The relat-
ion betwéen A ‘and Z has been statistically found to be as given
in eqguation (5-4) below.

E V.96 A-»0.95 .a-inoo-..oogu(5;4)

r ©J99 _
The rél&tion bétween A and Z indicates that the average depth Z
increasés linearly with the deptn of the regulator tine. '

5-3' Power Requirements:

‘Thegpdwér transmitted from the ‘engine is yenerally expended
on three types Of -power requirement as classified below.

o
i

i “power for cutting.-and pulverizing. the soil.
= - Power réqguired for driving the machine forwards.

o
{

P, = Power for throwing the cut soil backwards.
Then the total -power required from the engine is as given in equat=
ion (5«5) below: ‘

P = P

1 + Pz + P3 .o»‘-.-‘o‘o---o-.o(S“'s)

The power P, depends on the soil strength whicn is, in turn,
depérident on the soil type and conditions,., It is the only useful
power taken from the engine. P1 is, ip fact, the power needed to
overcome -the resisting torque Tc and it can thus be expressed as
given in equation (5-6) below.

Pl = Tct i ; ............g.(5°6)

‘With regard to the power P, required for driving tne macnine
forwards it is as given in equation (5-7) as follows.

PZ = v (hc-i- Hp) ...’........-...(5-7)

It is, therefore, evident that P2 increases with Hc which increas-—
‘@8 ‘'with depth of regulator tine. Then, increasing the depth of

this tine leads to increasing the parastic powerVEZ. This power
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depends also on human factors as is evident by including np
in equation (5-7).

As for Py, it is the power required to overcome the torgue

P = T . ceascscssssaanss(5=8)

The rotational power is the major part of the total power
transmitted from the engine. It can be readily calculated at
each’ rotary speed for various values of depth of cut. Fig. (7)
shows the experimentally found relation between thne deptn of
cut and - power reguirement at various levels of drum rotary spéed;
It is clear from this figure that the rotary power increases with
both the depth of cut and the rotary speed of the drum. The powex
difference at a particular depth of cut is not proportional to
the corresponding difference in rotary speed. It might' oe help~
ful-to have-some light thrown on this phenomenol. Increasingvthe.
drum speed results in an increase in the speed ratio. As a con~-
sequence, the tilling pitch or the width of bite B decreases
according to equation (5-2). This leads to greater soil pulver~
ization which entails greater energy(3), i.e, Tc increases with
the drum rotary speed resulting in a greater rotary power require
ement.

The specific energy per unit mass of tilled soil is computeqd
versus depth at the same values of the drum rotary speed as shown
in Fig. (8). It is indicated from Fig. (8) that the rate of
change of the specific eneryy per unit mass of soil increases
with the drum rotary speed. N
6 - CONCLUSIONS 3

The existing power-driven rotary cultivators nave peen found
to be disadvantageous in some respects. WJue to fatiyue effect
caused by vibrations and reactive forces resulting from land
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undulations and sprocketive construction of cutting blades,
it is necessary to replace the operator at short intervals.

However, the power and energy requirements, were experimen=-
tally and theoretically studied as affected by both the depth
of cut and the drum rotary speed. ‘he relevant empirical iel-
ationships between the depth of cut and drum rotary speed as
independent variables and rotary power and specific energy as
dependent variables have been statistically derived from the
experimental date. The rotary power has been found to increase
with both depth of cut and drum rotary speed. Whereas the
specific energy per unit mass of soil has been found to dec-
rease with depth of cut but it was highex at higher rotary

speeds.
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