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2.0 IMPLEMENTS FOR PRIMARY TILLAGE




The main purpose of primary tillage is to create suff
absorbing water and afr and to allow easy penetrat

loosening the soil
inverted organic
and, under certain

restored to the surface.
areas where the following crop has to be sown sh
(secondary) tillage operati

Essentialy, the following implements are available:

- mouldboard plough,

- disc plough,
- chisel plough,
- rotary tiller.

Crumb1ing and mixing

The functions of these implements are compared in Fig. 17.

icient pore volume

weeds are controlled

and many

for
ion of plant roots by
down to the bottom of the arable layer. If the soil s
matter s deposited at deep Tevels,
conditions, leached fine soil material and nutrients are
are important, especially in
ortly afterwards
ons cannct be carried out.

he first hoe was simply a branch used to scratch‘the soil. With rg1ative1y
winor improvements this implement has sgrvived'1n numerous countries (some
704 of all the world's farmers are still using wedge ploughs). This
jieplement, together with a simp1§ wocden teveller, 1s.emp10yed as a staqdard
“$o01 for primary tillage, preparing seedbeds and forming furrows and ridges
‘for sowing and irrigation.

he wedge plough is the most typical and widely-used primary ti11age tool in
‘the arid tropics and subtropics. The implement Toosens the soil without
nverting 1t, Teaves a rough structure and does not completely bury plant
esidue. Consequently, the tilled surface is less susceptible o erosion.
he retatively low draught required is adapted to the prevalent conditions.
‘The heavy seedbed preparation operations usually have to be performed before
ithe rainy season when the draught animals are often weakened by inadequate
“food supplies during the dry season.

he inverting plough was developed around the early Christian era in the

‘north-western European regions, i.e. in a cool humiq_c1ima§ic zone. The
principal advantage of this jmplement is that it def1n1te1y_ improves weed
control. The tillage intensity is also higher. In an experiment 50% of the

face was covered with clods > 50,mm after  being tilled with a wedge
u;ugh whereas only 15 - 20% of the surface was covered by such clods after
being tilled with a mouldboard plough. ) )
“The disc plough generally produces less intense and a different quality of

1lage than the mouldboard plough but 4t is more suitable for rougher
conditions (soils with roots, boulders or gravel).

The chisel pjough may be used instead of the disc or wmouldboard plough in
many cases. In terms of performance, it is a direct descendant of the hoe.

In contrast, the rotary tiller makes the most of the .tfactor's _power
take-off device and is paricularly suitable for 1ntensive.m1x1ng of soil aqd
organic matter, as well as for intensive tillage {churning) of the soil
itsel f. .

When combined with other operatiens for increasing production, deep primary
Tiage wusually 7Jeads to higher yields with 1ittle risk of crop fa11urgs.
Erom the economic point of view, however, trials are needed to determine
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Fig. 17. Some effects of primory tillage implements after Heege.

Less common or specialized implements, such as the s

be discussed in

A benchmark in the history

Sumarians invented
in Mesopotamia more

(or ard) ploughs in

the domestication
animals for draught
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or each year.

of mankind's development was

the sowing technigque and the hoe for
than 5000 years ago. Some 4000 years ago the Sumarians:
were able to introduce new forms of Tivel ihood and settlement

achieved when
loosening the soils

| pading machine, will not
d this chapter. Primary or main ti1lage operations are:
required on all soils for each crop

a regular crop production system. This occured afte

of animals (sheep and cattle) and the tra

work.

ining of those:

the

whether maximum yields alsc provide maximum {cash) returns. The ecological
dnd sociological aspects should also be taken into account.

note on Subsoiling

following pages do not examine subsoiling equipment Jin detail because
subsoiling should not be considered as a regular operation but as a special
Lreatment for improving the soil (profile). This operation may e carried
out only once or at intervals of several years.

Subsoiling is "Any treatment to loosen soil with narrow tools below the
depth  of normat tillage without inversion and with a minimum mixing of the
011. This loosening is wsually performed by 1ifting ac}]ﬂn or_ other
isplacement of soil dry enough so that shattering oecurs (SSSA_T1liage
rminology, 1978). )
ractice, it is difficult to make a clear distinction between chisel
ghing and subsoiling and subsoiling is too often adopted'as a regular
Tng technique. Soil compaction caused by bigger and _heavier tractors
equipment  is  usually given to Justify subsoiling operations.
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Unfortunately, the very fact that heavy tractors are used may tempt a farmer The Mouldboard Plough
to buy and use subseiling equipment.

In many cases the results of subsoilig are scarcely positive and may even be
detrimental as regards not only the soil structure but also the financial
benefits. The operation requires a high energy consumption and is effective
orly when there is a genuine hardpan which can be shattered under dry soil
conditions. A correctly performed subsoiling operation will have
longer-lasting results on heavier soils than on 1ight sandy soils.

Subsoiling operations must be given careful consideration, especially in
developing countries where only 1imited energy and equipment are avajlable.
"Under-the-row" subsoiling methods which build a ridge on top of the furrow
made by the subsoiler shank have produced positive results in the USA but
only under specific weather conditions.
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2.1.1 Use And Assessment

The mouldboard plough can be used for the following purposes:
- stubble tillage,

- deep inverting tillage,

- mechanical weed control,

- working in organic matter (plant residue, green or cattle manure) ,
- seedbed preparation,

- wasteland cultivation {reclamation).

The mouldboard plough (Fig. 18) 1s a typical soil tillage implement 1in the
temperate Tlatitudes; it 1s not really suitable for the arid tropics and
only partially suitable for the humid tropics. Fields +tilled with a
mouldboard plough are susceptible to wind and water erosion. Much water
will be lost by evaporation and the decomposition of organic matter will be
accelerated because of the increased aeration and heating of the soil. Even
in a temperate climate the decomposition of organic matter resulting from
ploughing s estimated at approx. 2 tons/ha/year. A further disadvantage
of this plough is its high draught reguirement. The risk of smearing the
furrow bottom by tractor-wheel stippage is high, specially on wet soils.
With irrigated agriculture nutrients may be leached down in the profile by
water gifts. A short-body mouldboard piough drawn at Tow speed is often
used when such conditions obtain and weed control is particularly impertant.

Use of the mouldboard plough is justified only under conditions where -
combined with other measures - it will lead to higher yields, without
increasing the risk of erosion and where the resultant accelerated
decomposition of organic matter can be offset by additional biomass Teft on
the field {roots, plant residue).

Use of the mouldboard plough may alsoc be warranted by the need to control
weeds.  Factors militating against the use of the mouldboard plough in the
tropics and on heavy soils in the subtropics are its limited capacity
{ha/hour) and the intensive secondary tillage needed to break up the large
hard clods after primary tillage to prepare a seedbed.

When the soil is to be tilled shortly after the rainy period, more effecient
equipment dis required, such as the chisel plough, disc implements or -
p.t.o.-driven implements. Fig. 17 compares the functions performed by these
implements.

Nevertheless, the plough is a strong simple implement and only a few of its
parts are subject to wear and tear.

Soil engaging tools: 1. Body,
2. Jointer,

3. Dise coulter,

4. Frame,

&. Headstock {eolumn) with brace,
&. Shank,

7. Hiteh bar with linking pivots,
8. Spindle to adfust width,

8. Hitehpoint for upper Link,

10. Support wheel,

11. Spindle to adjust supportuheel.
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2.1.2 Functioning

The plough body cuts a slice of soil whose hei
of about 1:1.5 to 1:1. The share
the share and mouldboard (shin)
help of a coulter).

ght and width are in the ratio
makes the horizontal cut while the edge of
produces the vertical cut (often with the
The mrmwsﬁce151H%M,mwedmwmﬁsﬂom the
mouldboard and turned over an angle of 120 - 150 degrees, depending upon the
shape of the moulboard. When this operation is performed at a correct speed
the soil is transported Taterally over the width of the furrow (Fig. 19}.
The Tifting, compacting, bending and turning processes will cause the slice
to rupture both Tengthwise and Taterally. The free fall which follows these
processes breaks up the soil even more. A tailpiece extends the funcion of
the mouldboard and prevents the slice from falling back into the furrow.

D

|

L"—-t—‘-eL

FPig. 19.

Tnversion and Ilateral transport  of the soil slice
ploughing.

during

The degree of pulverization
shape of the plough body,
content.

and loosening of the soil slice

depends upon the
the working speed

» S0il-type and the soil moisture
The actual slice is not mixed. Material_on the surface of the
5011 (plant residue, weeds, manure) is deposited in strips or "mats" on the
bottom of the furrow and on the sides of the slice.

Attachments mounted in front of and on the mouldboard ass
of the plough body, Knife, disc and mouldboard-mounted coulters cut the
soil vertically in front of share or shin. The knife coulter has a
sword-shaped cutting edge. The disc coulter is more expensive but Jess
lTikely to become choked and requires less draught. Ripple-edged and notched

(cut-out) coulters are particularty useful when the surface is covered with
Teose plant material.

ist the functioning

The skim coulter (jointer, USA) is a small
skims off the surface of the soi]
half the working width.
furrow.

The manure burying coulter (manure

plough body.
in front of the share
It moves the material from this s

This attachment
over approximately
trip into the main

feeder, USA) 1is a steep curved and
rounded plough body with a narrow cutting width designed to take the
farmyard and green manure off from the side of the furrow, ensuring that
this material is covered after the slice has been turned.

The extension on the mouldboard helps to turn the trash-covered surfaces and
reduces the risk of choking. UWhen large amounts of plant material have to

be coped with, the clearance between two successive plough bodies and the
height of the frame are vital factors foy ensuring uninterrupted
functioning.

a0

”.ny types (standard and special-purpose) ploughs are available but only the
main ones will be mentioned here:

- ocughs are equipped with plough bedies which turn the furrow s]1cgs
éagfggg'E%?H%"_oniy g 52ua31y to the right. This requires two specific
methods: "face to face" and “back to back” ploughing. When a field is more
than some 60 m wide it is advisable to arrange it in strips (lands) which
ire to be tilled separately. The "back furrows” (two furrow s?zces tbrown
back to back) and "dead furrows" (two open furrows together) will remain on
the field after tillage.

- rsi loughs have two sets of bodies mounted symmetrical by
%%? géls%grggvefiégég gﬁic% can be rotated over 180 degrees.(somet1mes 90
degrees) ajong the Tongitudinal axis. This arrangement makes it possible to
turr the furrows towards the same side of the field even though the.p1$$gg
travels in opposite directions. The bedies can pe rotated or swivelle
mechanically or hydraulically. If the p]ougb is correctly angst?d, Fhe
surface of the soil is Jeft almost level, which is important for 1rrjga§1qn
and drainage purposes. The two-way and one-way ploughs are compared in

Table 2.

Advantages Disadvantages

- idable
. Cheaper to buy, 1. Dead- and back furrqws unavoi .
%. Re]agiveiy si%p]e to adjust, 2. Careful 1ayout.of fieid necessary,
3. Wear only on {replaceable) 3. Width of individual lands no more
tools, than 60 m, . )
4. Large forces transferred via 4. More attention is necessary
upper link (o activate hydr. during secondary tillage,
control system), 5. Large headlands necessary,
5. More ploughs can work (offset) 6. Plough does not easily
behind each other, penetrate in dry 50115,
6. Simple way of mounting tools 7. Contour-line ploughing on
at the rear. slopes is seldom possible.
1. Big savings in time on 1. More expensive as the two-way
smg11 fie%ds, plough (2-3 t1mgs], .
2. Laying out of the fields 2. Heavy consiruction, caus12g a
i cessary, strong retief of the fron
'n Tands ot ne Y axle load of the tracpor,
3. A Tevel surface can be created, 3. Swivelling mechanism is
. subject‘to wear, (of
4. Contour pleughing on. slopes is 4. Symmetrical adsugtmenp of
possib1e? gmne both sets of bodies} is difficult,
5. Weight Timits the total number

of bodies.

fuble 2. Compariscn between one- and two-way ploughs.




2.1.3 Linkage And Drive Systems

Drawn or trailer ploughs are fitted with wheels %o control their depth.
Mese "ploughs are  hot linked to the tractor's hydraulic system - the only
Tink is the hitchbar. They produce only a small additional load on the
tractor's rear axle. Hitching and unhitching are quick and easy but they
can be transported {to and from the field) only at low speeds. They may
cause problems on small fields (e.g. in irrigated farming) because of the
limited area for manceuvring.

a=l

{or to the Tower Tinks) of the tractor. The plough is supported at the rear
by a furrow wheel which is often hydraulically operated. =~ This type of
plough usually has 4 or more bodies. This mounting method prevents too much
weight being taken from the tractor's front axle, as occurs in the case of:
heavy ploughs with a wide ¢learance between the bodies. The design of the
semi-mounted plough allows more bodies than the mounted plough.
Mounted ploughs with up to 5 bodies are usually mounted to the tractor's
3-point hitch system. Quick-coupling systems can be fitted. Tractors with
free-1ink operation of the hitch system can carry the plough during
transport and support it by a gauge wheel when it fs in operation. With
automatic depth or draught control the plough is never supported by wheels.
During operation a large part of the forces acting on the plough (includin
its own weight) are transferred to the rear axle of the tractor [less
slippage). Care should be taken to ensure that the steering of the tractor
is not over-affected by the considerable lessening of the load on its front:
axle. :
The draught sensor for the automatic control system can be attached to th
upper or the lower 1inks. The control system does not guarantee a unifon
depth but a more or less constant draught, i.e. a uniform pull Toad for the
tractor.,  Strong power (about three times the weight of the plough) is
?eeded to 11ft the plough from the soil and so the number of bodies is
imited.
Large ploughs whose working width is wider than the tractor are sometime
mounted to the tractor in such a way that it does not have to travel wit
one wheel fn the furrow. This system prevents the furrow bottom and th
loosened soil from being compacted by the wide tyres. There must be no sid
draught on the tractor. The driver must be much more attentive when drivin
parallel to but clear of the furrow {"on land").
The 1latest development is a front-mounted plough combined with
rear-mounted unit. This combination makes maximal use of the drawbar powe
provided by very heavy tractors but which, until now, has been technically
Timited to a specific size of rear-mounted ploughs. A favourable
distribution of the load is obtained, especially in the case of 4-wheel
drive tractors. This development is not, however, within the means of small
tropical farms.
Reversibie ploughs require one or two extra hydraulic connections, depending
upan the type of hydraulic cylinder used in the swivel mechanism. To
achieve perfect operation the plough and tractor must be correctly matched..

112

e 1o
Semi-mounted ploughs are hitched at the front to the 3-point hitch system piece

01l engaging tools
h Dbody (Fig. 20) consists
}, landside and frog.

pescription Of The Impiement And Tools

ouldboard plough can be divided into two main sections (see Fig. 18):
soil engaging tools (plough body and extra attachments)
-supporting parts (frog, frame, column for 3-point hitch, swivel system

¢ one-way ploughs)

of the share, wouldboard

(with

I
<

N
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i
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The power requirement depends wupon the specific soil resistance, the
dimensions of the furrow, the shape of the mouldboard and the speed. Oné
basic disadvantage of the plough is that the total power requirement has to
be transferred to the soil through the driving wheels.
When operated at an average speed of 6 km/h and at an average depth of 25
¢m, tractor ploughs require 15-22.5 ki {20-30 hp) per body on a medium heavy
soil. The power requirement may rise to 30 kW per body under very heavy
conditions.
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Parts of a plough body:
1. Share,
. Mouldboard,
. Shin,
. Trash board,
. Tail piece,
. Adjustable support stay,
. Landside,

N O G A G Do

. Mounted knife coulter,

Heel,

. Frog,
. Side suctiom,

Down suction,

. Furrow sole,
. Furrow wall.
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The share:

The share is attached to the frog.

It is subject to heavy 1oads and serious

only general instructions for adjusting the share can be given. A sideways
T point extenting approx. 10 mm into the furrow wall) and a downwards

wear and tear and so it must be manufactured from soft-centre steel Thi share i j i ffect
is re point opprox. 10-15 mm deeper than the 1landside) suction effec
;s a three-ply steel with outer Tayers of high carbon stee and a central 315 pbe crggted so that the share acquires stability and a good-
(gyet of. Tow carbon steel (0.5-0.9% carbon). Variocus shapes are avajlable penetration capacity. Other important parameters (see Fig. 22} are the
19 share point angle (the angle between the share edge and the direction of
fravel, usually 20-35 degrees) and the share 1ift angle {between the furrow
‘1 bottom and share, perpendicular to the edge, usually 35-50 degrees).
/m view 4-1
trapezoid welded chisel point
“h share Lift angle
. row-away type
pointed p /,

throw-away type
with holder

o
S TN
wave

: - einforced throu-
(adjustable) chisel point rewnforeed throw-away type

Furrow vall furrow sole

7

share point angle

Fig. 22. GShare angles of mouldboard ploughs. )
bottom: top view, top: along cross section A-B (=rear view).

Pig. 21. Various.share shapes .

trapezoidal. For light soils and straight cuts;
retnforced to allow resharpening and reforging,

pointed. For medium to heavy soils. This share is better than
trapezo1da1 shape for breaking up  the soil, penetration,
resistance to wear and susceptibility to damage from stones.
resharpened and reforged.

gun§e1~type. The share point and cutting edge
vertical, Y-shaped flange. This flange is also
material for forging. This share is very rigid and
suitable for difficult conditions.

chisel point. For very heavy or stony soils, this
thg pointed one except that,
ch1se1 which can be adjusted and used on both sides,

d1sp0§ab1e (razor blade) type. This sel f-sharpening share is suitable
for Jight  to medium heavy stoneless soils. It can be used for a
considerabte perfod but s not forgeable because it is narrow and thin.
Wear may destroy the downwards suction effect.

The point s
the
support,
It can be

are supported by g
used to provide extra
resistant to wear and

share is similar to
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instead of the forgable point, it has a

Wide angles are suitable for 1ight soils or Tow speeds (animal draught) but
narrow angles are more useful for heavy soils or high speeds. The different
share shapes and angles should always be compatible with the shape of the
noul dboard.

he mouldboard:
The mouldboard is mounted on the frog with countersunk bolts and often has a

further 1link in the form of an angle strut. It should bg stable, resistant
to wear and elastic with, possibly, a small friction ang]e' at the
soil/steel}  surface. AI1  these requirements are best fulfilled by

hree-layered steel. Both of the outer Jayers are very hard resistant steel
hile the central soft layer is made of Tow carbon steel and protects the
uter layers against breakage. )

he curvature of the mouldboard combined with the various positions of the
hare gives the following basic shapes of plough bodies {Fig. 23):

teep - for light, sandy soils, Tittle inversion, Jow speed.

teep, short - for light, sticky soils, little inversion, Tow speed.

edium steep - for medium soils, average inversion, average speed.' .
nclined - for medium and heavy soils, average to pronounced - inversion,
average to high speeds.
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heVical- - for heavy slaked soils, almost complete inversion, average to high
speeds.,

universal - for al) soil types {exept extremes), average inversion, average
speed. :

spiral - for the heaviest soils, complete turning of the sod, high
also suitable for sloping soils.

slatted - for very sticky sofls.

speed -

Another system divides plough bodies into:

Continental body {cylindrical): for Tight to average soils.

General purpose body (semi-helical): for nearly every soil type.
Semi-digger body {helical, extended): for keavy soils and on slopes.
Grasstand body (helical, flat, extended); for ctearing grassland.

QU QL L 0

steep steep,snort medium steep inclined

L L L s

helical - universal spiral slatted
Pig. 23. Various mouldboard shapes.
The choice of plough bodies depends on the soil type, topography, the

required inversion and the speed. Working widths of up to 42 cm and working
depths of up to 35 cm per plough body can be achieved {excluding special
"deep digger" ploughs}. Plough bodies with a replaceable shin (the part
suffering most wear) are widely used at present.

The tailpiece:
The tailpiece is used to improve the inversion and crumbling of the soil.
It 1is mounted on the upper section of the mouldboard and can be adjusted to
the ploughing depth.

The tandside: :
The Tandside is mounted on the frog and supports the horizontal forces
exerted by the wall of the furrow and the vertical forces from the furro
bottem, especially when the tractor hydraulic system s in free-floatin
mode.  The rear part is replaceable after it is worn out. The landside i
sometimes spring-mounted on ploughs designed for tractors with automati
hydraulic control. A roller is better than a rigid landside on slopes an
for skim ploughing. This roller is a rear furrow- wheel mounted at an angl
of approx. 45 degrees to the furrow wall. Some makes allow a coulter to b
mounted on the front part of the landside; this 1is cheaper  than
knife-coulter and prevents choking.

The frog:

The frog must be strong resistant to bending
mouldbeard and Tlandside are attached to the frog.
which enter the soil convey the draught forces to
frog.

and torsion. The sharg
The parts of the ploug
the frame through th
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Jointer, manure feeder, dise coulter, knife coulter.

ront- or body-mounted tools:

ront-mounted tools are fitted in front of the plough body on the shank or
me and are adjustable. These .tools improve the quality of the tillage

see Fig. 24), as do the body-mounted tools {sce Fig. 25).

Lg. 35,  Body-mownted tools. laft: coulter, right: trash board.
ves, discs or mounted coulters separate the furrow slice vertically from
1e. undisturbed soil.  The skim coulter, manure-burying coulter and trash

rd are used to cleanly bury plant residue or manure,

ipperting parts
e supparting parts of a plough are the frame and shanks. The shanks are
fixed rigidly to the frame or protected against overload {rocks,
}.  The technical solutions used to provide protection against overload
: shearbolts to fully automatic mechanic, hydraulic or pneumatic
These “stump-jump" systems effectively prevent the plough body or
kK from breaking and permit uninterrupted operation. As shown in
26, the plough body moves away from the obstac]e and automatically
Irns to its original position.

Safety devices rocks and stumps) on a

. (protection against
board plough.




A flat-frame design using spring steel with lengthwise and crossways bars
makes the entire plough suitably elastic. A beam design with profiled steel
(hollow bars are most commonly used at present) allows the number of plough
bodies to be changed more easily {modular design principle). Depending upon
the type, the frame is supported by the plough head or by wheels (partly o

. entirely; mounted, semi-mounted or trajler plough}. The frame height and
the clearance between the bodies should: be large enough to avoid choking
when plant residue is being ploughed under. The trailer plough can be
transported by using a 1ifting device.

The pioughhead:
The ploughhead of mounted ploughs consists of the column.  Its dimensions

{coupling pins for lower and upper links) have a definite influence on the
plough's behaviour. DIN and IS0 standards are applied. The swivel system
(semi- or fully automatic) is also part of the head on reversible ploughs.

2.1.5 Adjustment, Operation

The plough frame should be completely level during ptoughing to ensure
atl the plough hodies WOTk at the same depth.
adjusted by changing the upper 1ink and one of the
links.

that
A 3-point hitch system is
11t arms for the Tower

2.1.5.1 Working Depth - The depth for trailer ploughs is adjusted by the
depth wheels; for semi-mounted pioughs, by the lower Tinks and depth wheel
{draught contrel). 1In the case of mounted ploughs, adjustments
either upper link { free-floating
The lateral levelling is
Ptoughs and, for mounted
column (headstock),

2.1.5.2 Morking Width - The plough's  working width s
principally by the number of bodies and the cutting width of each
many new ploughs {both one- and
in refation to the tractor can be changed. The total working width on some
Ploughs can be varijed by adding or removing plough bodies,

determined
bedy. On

2.1.5.3 Tillage Intensity - The tillage intensity depends upon the speed,
the shape of the plough body and the working depth. The intensity can be
increased by using front-mounted or rear-mounted (crumbling, packing) tools.

a8

two-way models) the location of the bodies.

1.5.4 Adjusting Front-Mounted Tools -
knife coulter: 0;30 Al ;n front of, 10-30 mm
i oint of the share.

S?g:ec;ﬂ$tgr: as deep as possible (axis 50 wmm above the soil  surface),
approx. 10-20 mm beside the share point (towards the unploughed Tand) .
Skim coulter: small angle of attack, 40-80 mm deep, 10-20‘ tm  beside and
approx- 250 mm in front of the point of the share. The width is generally
3-0.7 times the width of the plough body and the depth is 0.3-0.5 times
the depth of the plough body.

beside of and approx. 25 mm

:2.1.5.5 Handling - Ploughs can be mounted and dismounted by one man put nqt
Adjustment requires some technical knowledge.  Ploughing in
articular requires a high standard of skill and knowl edge on the part of
he driver. Frequent re-adjustments of the plough are needed if the soil
‘conditions are irregular.

.1.6 Technical Data

up to 42 cm

up to 35 cm (more for special ploughs)

up to 12 {up to 24 in case of reversihle ploughs)
up to 90 cm

up to 110 c¢m

up to 310 kg per body

protection against rocks by means of shearbol ts,
helical springs, hydraulic and pneumatic
cylinders, overload protection on mourtings.
15-25 kW per body (20-35 hp/body)

orking width per body
Working depth

‘Number of bhodies

Frame height

“Clearance between bodies
‘Weight

‘Overioad devices

Power reguirements

2.1.7 Literature

See literature of chapters 1 and.2.0.

Koeller, K., 1978. Moeglichkeiten des Pflugeinsatzes in der Primaer-
bodenbearbeitung. Berichte ueber Landwirtschaft 56(2-3): 415-430.
» Re, 1966. Die Zuordnung von Schlepper und Pflug. Grundlagen der
Landtechnik 16(6): 229-235.
NN, 1983. Pflug einstellen - aber wie? Agrartechnik  International
62(1): 12-14.

The role of the wmoulboard plough?  The Agricultural

12-14.

Traulsen, H., 1982.
Engineer, 37(1):

“Trautsen, H, and W. Holtz, 1982. Streifenpfluege  in  der Praxis.
Landtechnik, 37{6): 288-290.
“Zumbach, W., 1980. Tests charrues portees. Technique

comparatifs de
Agricole, 42{11): 518-528. .
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The disc plough (Fig. 27

2.2.1 Use And Assessment

for the following jobs:

land clearance,

primary tillage,

ploughing land containing stones and roots,

seedbed preparation,

deep tillage between rows of trees,

working in large amounts of plant residue,

ploughing in regions with a high risk of erosion,

ploughing on sticky waxy soils and soils which tend to form
piough soles.

} is used mainly in tropical and subtropical region

q. 28):
ect,
aintenance,
aliability,
ower requirements,
al tiliage costs.

is 1little difference between mouldboard and disc ploughs as regards

implement type' : PN

O
“ ¢
med{um good
medium hardly
medium/good medium
not completely completely

little by landside (heel)
less by share

susceptibility for little more
damage by roots

heavy, dry, clean

stony eoils Ffields

forest soils

high medium

high Lower
Traught requirement high high

., Differences between mouldboard and disc rloughs after Wieneke.

etration by disc ploughs presents prablems on dry  heavy

Fig. 27. Dise plough:
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1. Frame, 7. Dise,

2. Braae, 8. Seraper,

3. Headstoek, 9. Support (land) wheel,

4. Hiteh bar, 10. Furvow wheel with collar,
&. Shank, 11. Spring.

6. Bearing,

1sc by adding weights).
tected by
1 over roots and stones, thus
th 15 very hard to maintain.
e of travel. Generally speaking, the soil
1th less inversion than with a mouldboard plough.
Licky soils cause fewer problems.
eplaced since their rotation produces a long cutting edge.

tnlike mouldboard ploughs which have to

preventing damage.

s0ils.
etration can be achieved only with a suitable high Toad (up to 500 kg per

be

special mechanisms and suitable shares, however, disc ploughs
A constant working
It 15 also difficult to keep to a straight
is tilled less intensively and

The discs rarely have to be sharpened or

[e12]




The disc plough's advantages over the mouldboard plough are:

- only partial inversion of the soil so that plant residue is left on
the surface, thus reducing the erosion risk and water losses by
evaporation,

- mixing action on loose soils,

- rolls over obstacles so that hardly any breakage occurs,

- lower risk of choking (sugarcane, cotton, maize),

- fewer problems with sticky soils,

- hardly any smearing of the furrow bottom (plough sole),

- the wear is spread over the entire circumference of the disc (2 m of
cutting edge on discs with a diameter of 65 om),

- the discs are self-sharpening,

- easier adjustment.

2.3 Linkage And Drive System

jsc ploughs are designed in the form of trailer, semi-mounted and mounted
Joughs. Heavier Tlarger units can be 71ifted hydraulically on support
heels. The ﬁiscs are driven by the s0i1 resistance and movement. Owing to
heavy wg:ght the draught required (per volume unit of soil moved) for a
isc plough is more or less the same as for a moul dboard plough despite the
~palling action. For successful operation the hitch point for trailer
ughs should be as low as possible on the tractor; din the case of mounted
ughs the upper 1ink should be only slightly inclined forward.
hen more concave discs are used to obtain better crumbling the draught
uirement will increase with the degree of curvature.
1{s requirement does, of course, depend to a large extent upon  the sofl
nditions and s gemerally 15-20 kW per plough body. At 5.5 km/h a
apacity of 0.4 ha/h can be expected for each metre of working width.

The disadvantages of the disc plough are:

- penetration is difficult in hard soils,

- heavy weight (and conseguentiy, high prices},

- greater 1ifling capacity required from the tractor's hydraulic system,
- furrow wheel is needed for controlling for depth and lateral movement,
- not usually suitable for slopes owing to the strong lateral forces,

- the plough's weight may cause compaction of the furrow bottom,

- less efficient weed control,

- soil surface is not so level after ploughing (irrigated fields}.

.4 Description Of Implement And Tools

Disc ploughs (see Fig. 27) are very heavy implements equipped with between
ne and eight concave discs. The working depth is 25-40 c¢m. Each disc 1is
gunted on its own shank with a bearing {frog). The shanks are mounted on a
turdy steel frame diagonally to the direction of travel. The .disc angle
nd tilt angle (Fig. 29) are adjusted on the frog bearing and can be adapted
the field conditions. The diameter of the discs ranges from 560 to 810
The discs' concavity - defined as the deepth of the centre in relation
the edge - is between 60 and 120 mm.

2.2.2 Functiening

Unlike the mouldboard plough, a disc plough will not penetrate intoc the soij
of its own accord but needs a heavy load. The soil is not carried over the:
surfacé of the disc {as with a passive share) and so there is less scouring.
The disc 1is rotated by the soil reaction; it 1ifts and deposits the soi
not with a winding but with a pouring tumbling.movement. When combined wit
the differences in the acceleration forces exerted on the soil while it i
on the disc - those forces increase from the centre towards the edge -, this:
movement causes the disintegration, mixing and loosening of an aggregate di 7
s0i1. In the case of cohesive soils this movement may produce deposits o iec angle

tilt angle
clods along a lateral axis, thus forming the unwelcome “rabbit holes". The
furrow slices which form in these s0ils are difficult to crumble by
v N

direction of travel

secondary tillage operations. Consequently, the standard of the tillag
depends to a Jarge extent upon the type and condition of the seil. Like th
mouldboard plough, the disc plough leaves an open furrow. :
There is less likelihood of forming a plough sole with a disc ploug

/ e
because: . s -
a. ‘he disc plough tears rather than cuts and so no cutting surface ca o
develop (the tillage horizen is corrugated); AT surface
b. There are no landsides and heels which, on the mouldboard plough produci —

further smearing and compaction.

4//?/ A

In the case of compactible s0ils, however, the total weight of the heay elearance angle

plough may cause compaction over a thicker layer (5 - 10 cm} below th
furrow bottom. i .
Large discs require less draught and cut through plant residue mox vertical
satisfactorily. :
2 29, Angle definitions on dise ploughs
top view, right: side view.
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A neat solution was found

for onhe-way or reversible disc

ploughs to

ening in the center of the discs is used to mount a tapered roller

the need for a double set of soil-engaging tools, as is the case wit aring which can be adjusted by a castle nut to prevent to much play. The
reversible mouldboard ploughs. The discs are mounted on s sub-frame eméns?ons {diameter, thickness) of the discs are usually given in  inches
usually one heavy beam, which is attached to the matn frame by a pivot nea re inter-related on the basis of a specific ratio.

its centre and can be rotated through an angle of 30-40 degrees. To kee

the same disc angle for hoth ptoughing directions a lever system is employe

to rotate the shanks of the 1nd1vidua1_discs through a small angle when th diameter thickness disc depth of work use

sub~frame 1s rotated. At the same time a second system of levers reverse 1s¢

the rear furrow wheel (see Fig. 30). This rotation from left-hand t

right-hand plough and vice versa can be performed manuall
¢learance of

The main (or sub-)frame
centimetres from the discs.

should have a

at

8-point headetock

guide rail
for reversing

hydraulic oylinder

to reverse subframe ' g

rear furrow wheel -]
rotates over 180 «

dise

tever for automatic
ad justment of dise angle
during reversing

¥ or hydraulically
Teast a fe

26 1in) 5.0-6.5 mm 10-30 ¢m skim ploughing

6?8 $E Eze in) 6.5-7.5 mm 10-35 cm skim- and deep
ploughing .

810 mm (32 in) 8.0 mm 10-45 cm deep ploughing

e discs are made of specially treated manganese silicium steel which is
ry resistant to wear. The hardness is comparable to that of plough shares
and may be as much as 600 HV (Vickerg Hardness}. ‘ _
Triple-layer types of steel do not Have _any advantages in this respact
cause, after the circumference of the disc has been worn down, the various
Tayers will be exposed and may break. The d1rect1oq of the disc totat1on is
ilways in the direction of travel since they are driven by the slice of soil
moving along the concave inner side of the disc. Scraper§ shaped'11ke hoes
or small mouldboards (Fig. 31) remove the soil from the disc and improve the
jnversion. Mounted ploughs are usually equipped with a rear furrow wheel.

Fig. 30. Three-furrow veversible dise plough.
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"Pig. 31. Dise with seraper.




i i ired for
v enetrative forces of the furrow yheels_wh1ch are required
gduce tﬁzep1gugh. The crossbar with mounting pivots can be §h1ftﬁd
tg;:%iy and rotated (mounting pivots are off-centre) in order to align the
‘¢ plough behind the tractor.

Every trailer disc plough has a land wheel attached to the rear Tifting
mechanism and a front and rear furrow wheel. The rear furrow wheel and the
rear gauge wheel with their adjustment mechanisms form the rear bridge. The
furrow wheels are angled at anything up to 45 degrees from the surface: and
are equipped with a collar. These wheels absorb at Jeast part of the
Tateral forces exerted by the soil. With this wheel arrangement, however, g
trailer plough will always tip over when making a right-hand turn. So the
plough should always be turned to the left.

idths s most
: i f the tractor's front and rear track width S
rre%:ﬂ;et?;:g guiding the plough and for determ1n1ng the cutting w1dthb$f
”eozront discs. This is particularly important in the case of reversible

oughs.

2.2.5 Adjustments, Operation

2.2.5.1 Morking Depth - The working depth 1is wmaintained mainly by the
weight of the plough. The disc and tilt angle which must be adapted to the
5017 conditions also strongly influence the depth control {see Fig. 29).

The following settings may be used: :

2.6 Technical Data

Nﬁmber of discs 2- .8

Diameter of discs Sgg - gég 2&
seil tilt angle disc angle (in deg} rking w1dt2 5 - 200 oo
(vertical) {horizontal ) Work1"ge$e§§ 2 -0 o |
E?ggﬁancegbetween discs 50 - 75 com (partly variable)
Weight per disc ) 150 - 238 Ea (20-30 o)
hard 3-20 45-50 Power requirement per disc 15 - p
cohesive 10-25 43-48 P
loose 15-30 40-45
2.2.7 Literature
The disc angle can be adjusted (often in gradations) on every plough, as can See literature of chapters 1 and 2.0.
the tilt angle on many of them. When the disc is titted, an angle of 2 | ‘ | . N
clearance should be allowed to préevent constraint upon the disc's tearing Finney, B., 1982. The role of discs 1in primary cultivation

action and possible smearing of moist soi) {see Fig. 29). The wider the
tilt angle, the less freedom s left for the disc® angle because, otherwise,
the back of the disc may scour against the furrow wall (more power required
and more wear caused).

Agricul tural Engineer, 37{(1): 15-19.

i ffect of geometric
.R., C.A. Reaves and A.C. Bailey, '1980. The e :
G131!pgr§méters on disk forces. Transactions of the ASAE, 23(2}: 266-269.

: ; i field
j P, 1977. S0il  reacting forces for disks  from
Harr];ggéuerZnts. Transactions of the ASAE, 20{5): 8356-838.
2.2.5.2 Working Width - There are only Timited possibilities of changing
the working width. It can be adjusted by:
- Changing the angle between main cross-bar and rear bridge and the angle
between main cross-bar and front bridge or 3-point hitch headstock,
- Adjusting the gauge wheels,
- Adjusting the disc-mounting clamps on the frame.

i ‘Bai f width and depth
A, W.R. GITY and ALC. Ba11gy, 1980, Influence o )
Reaveé% Eut on disk forces. Transactions of the ASAE, 24(3): 572-578.

The cutting width of edach disc can be changed by altering the disc angle,
On  reversible ploughs this can be achieved by adjusting the degree of the
subframe rotation. Horizontal 1lateral forces must be absorbed by the
slanting furrow wheels. For trailer ploughs these forces should also be
absorbed by the gauge wheels running on the undisturbed s0il; as 1itt]e as
possible shoutd be absorbed by the tractor (to avoid side draught) .

Collars on the furrow wheels improve the guidance of the plough.  With the
elimination of the horizontal forces the friction between the discs and the
furrow wall is also reduced, causing less wear. Moreover, the theoretical
centre of gravity 4s shifted towards the furrow, eliminating the need for
counter-steering. Adjustment of the axle and spring tension can often -

98







2.3.1 Use And Assessment

The chisel plough and cultivator are generally
purposes:

stubble tillage,

working in straw and harvest residue,
mechanical weed control (especially root-propagating weeds) ,

deep tillage {alternative to ploughing),

toosening hard dry 'soil before ploughing,

breaking up hard layers below the normal ploughing depth (hardpans,
plough soles),

ploughing-in manure.

used for the followin

hisel ploughs have the following advant§ges: ) o )

: wide range of possible uses (stubble tillage, mulching, primary tillage
| for seedbed preparation, deep loosening, breaking up plough sa{eg);

' they may replace disc or mouldboard ploughs under certain conq1t1on§;
suitable for use in the tropics; they loosen soil without inversion so
. that organic material decomposes more slowly; moist soil is not
. transported upwards; - the soil surface retains an adequate cover of plant
“material (wind and water erosion); -
they can be used on extremely heavy soils where the quality and capacity
of other types of ploughing are unsatisfactory; . )

a high capacity with brief preparation time, making their operation very
efficient;

substantially less time required than for mouldboard ploughs;

¢

the power requirement per tilled cross-section 45 less than for the
mouldboard and disc ploughs: ) .
the tractor needs only a comparatively small 1ifting power; they can be

combined with rear attachments and sowing equipment;
effective against root-propagating weeds;
highly reliable.

Their disadvantages are: . ) _
they require high speeds (8-10 km/h) when harvest residue is to be worked
in;  so greater demands are made on the driver and tractor, especially
when working across Crop rows;

very often primary tillage needs to be repeated (usually at increased
depth and, if possible, crosswise); ‘
the working width and speed must exceed minimum values if a good

performance is to be achieved and so large tractors are required {at Teast
45 kW); this is possible for small farms only on a cooperative basis;
the chisel plough can replace the inverting plough oniy to a small extent
and so both implements are needed; ) )
. the mixing action is often inadequate for working in straw on light soils.

Fig. 33.

Chisel plough with three erves bavs and rock protection device par
tina. .

It may be appropriate at this point to explain the names used to
chapter.  The term "“chisel plough” is
implement designed for heavy duty, i.e. primary tillage. Essentially, this
implement is equipped with rigid shanks.
mainly to Tighter implements and
implements. They may be
shanks.

Chisel ploughs or cultivators (Fig. 32) are suitable for primary tillage
the tropics and subtropics because of their non-inverting action:
is sufficiently loosened and mixed without too much crumbling.
after stubble tillage and the ploughing-in of straw the soil s
retains a high percentage of plant material to control
erosion.  Tillage operations should not be carried out when the soil is too
wet. F1ig. 33 and Table 3 give some criteria for
chisel plough. Special mention should be made of
plough and rear-mounted tools (Chapter 8).

head this
generally used for a heavier type of

. in the USA, often to crop maintenance
equipped with- both rigid and spring tines or

in

In addition,
urface still

the combination of chisel

102

The term “"cultivator" is applied

the soil -

wind and water

choosing and using the




tillage

eriteri
shallow deep rrera

W number of tines

distance between tines
furrow distance
angle of chisels
width of chisels
' part of soil
not loosened
suitability
in moist soil
specific
_ soll registance
ineorporation of
organic_ matter, weeds
power requirement
' per tine

“spil 1s broken up perpendicularly to the direction of travel at an angle
approx. 50 degrees from the surface. As the soil moisture content
ncreases, this angle becomes wider and the tilled area smaller. In very
st soils it may be as much as 90 degrees in which case the tine cuts only
very narrow groove in the soil and brings up "sausages” of smeared soil.
se harden very quickly as they dry in the air and are very difficult to
mble by means of Tater tillage operations. These narrow furrows may al so
cut in drier soils when the operating speed is too low, i.e. less then 6

furrow distance

g. 34. Cross  section of the soil aetually loosened; two  #ines,

erting around obstacles, the better self-cleaning action and, under some

ditions, the more effective crumbling of hard clods. The main
isadvantage 1is that during the diversionary movement the tine moves not
ily backwards and sideways but also wupwards: the angle of attack and
orking depth are changed and the lateral dispersal is decreased, teaving
nworked strips. Spring tines raise more "sausages" when the soil 1is too

Fig. 33. Criteria for the cheice and assessment of a chisel plough.

2.3.2 Functioning

Chisel tines cut vertically through the soil. The soil moves upwards

the curve of the chisel and is broken up by the flexing forces. The lateral
shattering effect (becoming more pronounced towards the surface) results
complete Joosening of the so0il down to a specific depth. The cross-section
of the soil tilled by a chisel tine can be represented as a triangle
{Fig. 34). Consequently, the bottom of the tilled layer left by the chisel
ptough is shaped 1ike a washboard. MWhen wide duckfeet chisels are used, the

ridges left between the chisels are obviously smaller.

Very satisfactory mixing and loosening is ensured in relatively dry
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et. The spring tine ds less suitable for deep tillage. Spring-lcaded
es have proved a valuable compromise between rigid and spring tines.

e standard chisel plough may be equipped with various sizes of single or
ual-pointed shovels or chisels. Dual-pointed chisels can be used on both
ides. A twisted chisel turns the soil more efficiently. Alternate right-
id teft-hand chisels are used to eliminate the Jateral forces.

ious sizes of reversible {"diamond point®, see Fig. 41) or duckfoot
isels are often used for shallow tillage (stubble tillage and weed
control). In order to cut every root duckfoot chisels should be mounted 50
osely together that their cutting widths overlap. Chisels are mounted in
T0ws one behind the other, applying a staggered configuration to ensure free
ow.  Some interval between the tines, furrows and crossbars (Fig. 35%) and
¢ frame clearance are essential for effective use and for uninterrupted
irking.

Tﬁé cutting widths of pointed chisels do not overlap but all the sail near

e surface s nonetheless loosened owing to the triangular shape of the
ispersed soil mass. As the 1ift angle of the tine (angle of attack) is

A0S




increased, less soil will be pushed upwards. The angle of the
cultivator chisels should be sufficient (up to 60 degrees) to bring weeds
{especially root-propagating weeds) to the surface and to plough-in straw:
and weed seeds. If it is to be satisfactorily ploughed-in, the stubble
should be short (< 10 cm) and straw should be spread evenly. The shorter
the chopped straw, the deeper it will be ploughed-in. A good part of the
material will, however, always remain on the surface.

must be emphasized that, basically, the distance between the tines, the
iie clearance and the speed have more influence on the quality of the work
i the implement shape and adjustment.

able 4 shows the crumbling effect of a special type of chisel b]ough
Fig. 36) 1in heavy,hard and dry soils compared with the crumbling effect of
~moul dboard prough.

When chisel ploughs are used on slopes (following the contour 1ines) the
effect of the side draught must be taken into account. In particular,
trailer implements may no longer follow the tractor in a straight line but
at a slight angle. This may cause fluctuations in the intervals between
furrows, depending upon the arrangement of the tines.

rimary tillage using a chisel plough should generally be repeated,
0sssibly crosswise with extra depth. On sloping land, however, operations
Tong the slope should be avoided, if possible, because of the risk of
rosion.  The efficiency of chisel ploughs is considerably improved by
r-mounted tools for Toosening, crumbling, Tlevelling, mixing, packing,
tc. In many cases the chisel plough's working depth is controlled by these
ttachments {see Chapter 8.1, Fig. 127).

- furrow distance tine distance
cultivator chisel plough subsoiler - ——
intended use shalTow stubble Toosening at loosening and l,J :
tillage ploughing depth breaking up of

piough sole

o
9
£
chisel type wide to normal normal to narrow narrow to normal s
Ll
2 /
tine type spring, spring spring loaded rigid =
loaded or rigid or rigid &
o3
0
angle of attack up to 60 deg. 30 deg. 30 deg. § I ’J
(3]
distance between at Teast 55-60 om at least 70 cm at Teast 75 cm
tines w - 86, Frame of a chisgl plough with three crosebars, indicating
furrow distance about 20 cm 25-30 con 30-50 om stances between tines, furrows and eross bars.
required frame
‘height 70 com 70-80 cm 70-90 cm
rear mounted tools necessary desirable desirable
working depth 5-15 cm 15-30 cm 30-50 cm

plement percentage (weight) of size class
speed >80 wm  40-80 mm 20-40 mm 2-20 mm < 2 ym

“Table 3. Criteria for the choice of a chisel plough/cultivator/subsoiler.

km/h % % % % %
hisel plough

: CON Jumbo buster 6.7 18.1 19.2 19.3 34.7 8.7
When used for "stubble mulch tillage® in dryland farming systems chisel ouldboard plough
ploughs should have disc gangs in front. The discs can cut through Control) 6.1 a8 .4 17.6 12.9 18.3 1.5
{1arge amounts of) thrash, preventing the piough from becoming choked. ’
Pointed or twisted chisel ploughs can be used for primary tillage while
sweeps are usually fitted for fallowing operations or secondary tillage. able 4. Distribution (by weight) of the various size fractions.
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loosening it. While tine B requires rather more draught power, it does
scatter and crumble the soil more satisfactorily.

A chisel plough should cover the entire width of the tractor, i.e. working
.at least both of the tractor's wheel-tracks. “Strip" chisel ploughs have
“recently become available; these leave a strip in the centre of the
implement untouched and so require less draught power. The left-over strip
" has to be tilled by the return pass. This involves a practical problem

as it is difficult for the driver precisely to follow the (narrow) strip
S which has to be tilled.

A B ¢
f—— direction of travel <— g
a0
¥
/. ( e // v
801l reastion force ' ! c¢learanee angle

‘Fig. 7. Various angles of model tines, direction of the soil reaction
orces: A: Vertieal placement, B: Steep, C: Flat.

Fig. 36. Chisel plough with tines at a small angle of abtack. Under average conditions and with a speed of approx. 8 km/h the tractor

“power required for stubble tillage with a cultivator is around 26 kW per
metre of width (30-35 kW with attachments). This increases to around 40 ¥
:per metre (and occasfonally to 60 kW/m) for deep tillage at 6 km/h. At the
:same speed the specific draught required for chisel ploughs iJs about half
‘the power needed for mouldboard ploughs (about 5 N/m on heavy soil).

“The appropriate 1ift angles are around 30 degrees for heavy chisel ploughs
and up te 60 degrees for cultivators.

2.3.3 Linkage And Drive System

Chisel ploughs with a working width of up to 6.5 m are usually equipped for
the 3-point hitch system, often with quick-coupling devices. The larger
implements {with working widths of up to 20 m} are semi-mounted or trailed.

rear-mounted roller

The comparatively 1ight weight of the mounted chisel plough and its short
Tength (centre of gravity is close to the tractor) mean that the tractor's
hydraulic system needs only a comparatively low 1ifting capacity. So the
mounted chisel plough offers favourable possibilities for combinations of
implements.

Larger chisel ploughs require one or two extra hydraulic outlets on the
tractor so that they can be 1ifted and folded to tramsport width.

The power required by a chisel plough depends upon the number of tines, the
distance between them, the working depth, speed, type of chisel, type of
tines (rigid, spring-loaded, springs}, the tines' 1ift angle, the soil
condition and type.

Some basic factors are given in Fig. 37. In theory, vertical tine A:
requires the most draught traction. Moreaver, it is difficult to pull a
tine of this shape through the s0il1 and keep it implanted there. Tine C has

the best draught requirement but will only 1ift the s0il without adequately .

tine-, furrow- and crossbar distance chisel

Fig. 38. Parts of a chisel plough.
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y too narrow clearance of the tines cannot occur. This means, for
instance, that 13 tines are required for a werking width of 3,25 ., It ig
essential for the tines to be placed symmetrically on the frame to, prevent
the implement from being pulled to one side., The distance between the rows
f tines should be at Teast 70 cm to ensure a free flow of soil and plant

paterial.

2.3.4 Description Of The Implement And Tools

The basic frame (Fig. 38) is made of steel {flat, profiled or sguare tubes}.
The rigid, spring Tloaded or spring tines are mounted on this frame. They
are placed in 2 to- 4 staggered rows on fixed welded steel clamps or
adjustable flanges. The depth is controlled by the supporting wheels or
rear-mounted tools. - simpler form of chisel plough is the single-bar, two-row type (Fig. 40},
ts frame (for 3-point Tinkage) consists of one heavy hollow bar with a
Two alternating types of tines are attached to that bar:
traight tines pointing forwards and tines with the same angle of attack but
ith a wide Toop at the top, curving backwards. The resulting distance

etween rows is about 40 com.

¢ D

Ty e

spring loaded epring

. similar type of toolbar, equipped with one row of tines, is suitable for
ear-mounting of p.t.o. driven equipment. Like the rotating or oscillating
oe, this type is atso used in a special combination with rotary tillers
see Chapter 11.2}.

Fig. 33. Chisel tine shapzs.

Rigid tines (Fig. 39A) - often fitted with a shearbolt for protection

against stones - are made of high-carbon steel and are straight or slightly.
curved and angular to produce a chopping action. Rigid tines mounted at a
smailer angle are particularly suitable for deep tillage.

Flexible tines (Fig. 39D}, manufactured mainT§‘ from a heat-treated :
steel-nickel alioy, are flattened and slightly curved to alloew diversian
around obstactes. They are usually Tess suitable tor deep tillage.

Spring loaded tines (Figs. 398 and C} are hinge-mounted on the frame and.
cushicned by spiral springs. ;

The main technical data of chisel ploughs are:
Number of tines, number of rows of tinmes (=number of crossbars), distance
between tines, distance between furrows, distance between crosshars, working

width, frame c¢learance (height) and the consequent working depth.

ok R

2.  One-bar, two-row chisel plough.

In practice, 25 ¢m is often used as the furrow distance {the greater the
working depth, the wider the distance between furrows).

The minimum distance between tines on one bar should be 60 cm because of the
risk of choking ({deep tillage). Correct matching of the number of tines,
working width, distance between furrows, number of rows of tines and the
distance between tines is  essential for good performance (see
Figs. 35 and 38). The number of tines, rows of tines and effective distance
between tines are determined for a given distance between furrows {25 ¢cm),
working width and minimum tine clearance (60 om). For a 25 cm gap between
furrows a chisel plough should have 3 rows of tines so that clogging caused

The height of the frame should not be less than 70 cm. Supporting wheels
may cause choking when they are placed between tines and so they should be
mounted on the outside of the frame or run in front of the tines ({with
sufficient clearance) on the untouched soil.

Tines are equipped with various types of ¢hisels according to the intended
use (Fig. 41). Stone protection devices, as shown in Fig. 42, should

10 LAARESESE




prevent breakage on soils containing many rocks or on extremely hard soils.
These devices also heip to keep the implement at the desired depth because

only the individual tools will be diverted from obstacles, and not the

entire frame.

Depending upon their size, chisel ploughs are designed as  trailer,
semi-mounted or mounted implements. The working width of mounted implements
is between 2 and 6.5 m. Trailer (lighter) implements can cover up to 1Z m.

The heavier implements have an articulated frame with wings (outriggers) and
supporting wheels which can be folded hydraulically for transport. Depths

between 35 cm and 60 cm can be reached depending upon the type of implement.

A PN q®
V4 S

vevenaibla diamond pointed banmna-shaped  tuisted

Y

potnted

Fig. 41. Chisel shapes.

pressure spring
shearbolt-

pivot-

Pig. 42. Overload protection devicas.
left: shear bolt, right: compression spring.
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‘5 Adjustments, Operation

5°5. 1 Chisels - On most implements the chisels can be changed in keeping
w the operating conditions. They can often be reversed after one side

5.2 Distance Between Tines And Furrows - On some types the tines are
sunted by adjustable flanges on the main frame, allowing adjustmént of the
ifie and furrow distance.

.3 Working Depth - The working depth dis wusually controlled by the
porting wheels (by changing bolts on light implements and hydraulically
the larger types} or by rear-mounted tools. The use of the depth control
ing of the tractor's hydraulic system {when no supporting wheels are
Zed) has not proved successful. The maximum depth is limited by the height
- the frame (sufficient clearance).’

5.4 Tillage Intensity - The tillage intensity depends upon the speed,

ratio between the distance and depth of the furrows, the type of tines,
angle of attack and the shape of the c¢hisels. The intensity can be
iderably increased by repeat working (crosswise} and by using
“mounted attachments. Under favourable conditions the chisel plough can
be used for direct drilling when combined with rear-mounted tools
elling, crumbling and even p.t.o. tools} and a sowing machine. A rod
eeder can be mounted on the 1last row of tines on some types of chisel
olighs for better weed control.

5 Maintenance - Mounted implements can be fitted with quick-coupling
ces. The operation 1s simple and can be performed by one man. The

er has toe get off the tractor to make any adjustment on the actual
ig plough. Chisel ploughs for deep tillage and also standard
ivators are very sturdy and do not need much repair. Wear will  occur
only on the chisels but also on the overload protection devices.
dcing is Timited mainly to Jubrication of the supporting wheels and the
stment devices for rear-mounted tools.

ne:height 60-90 cm
viing width up to 14 m




Working depth
Power required

Bistance between furrows
Distance between tines
Number of tines

Number of rows {crossbars)
Distance between crossbars
Overload protection devices
Weight

Light cultivators
Frame height
Working width

Working depth
Power required

2.3.7 Literature

up to 60 ¢m

20-60 kW/m (27-82 hp/m}
5-10 kW/tine

20-37.5 cm

55-30 cm

5-39

1-4

up to 90 cm

shearboits, spiral springs
120-450 kg/m

from 30 cm

up to 20 m

15-20 cm

7.5-11.5 kW/m {10-15 hp/m)

See Titerature of chapters 1 and 2.0.
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2.4.1 Use And Assessment
The rotary tiller {Fig. 43} is used for:

- stubbie tillage {especially for intermediate crops) including working
in straw {mulching},

working in organic material,

working in cattle manure,

mechanical weed control,

seedbed preparation, :

puddling in paddy rice production systems,

sowing in one operation when combined with sowing equipment,

strip cultivation in row crops (also in combination with ridgers),
grassland and wasteland clearing,

road reconditioning.

In principle, extreme caution is required when using the
the tropics and. subtropics. On slo
pulverization effect may lead to slaki
decomposition
s0il.

rotary tille
ping land in particular the prone
ng of the surface, erosion,

of organic matter and, possibly, more rapid drying-out o

There are far fewer objections to the use of the rotary tiller in
farming {especially in the case of surface irrigation).
of this implement when used for

paddy rice-growing will be given
attention in Chapter 6. co o

irrigated-.
The special merits

ptary tillers have the following advantages:

the desired crumbling and mixing can be achieved under
soil conditions by adjusting the number of revolutions and the forward
‘speed. In many cases only one pass is necessary to produce a seedbed
“{time saving, sowing at the correct time, fewer wheeltracks):
they are very suitable for working in organic material,
rasstand clearing (accelerating decomposition);

stubble tillage 1s still possible on hard firm soils where disc or rotary
“harrows carnot be used. This operation does, however, impose heavy
. demands on the machine, tractor and driver and causes considerable wear;

- they produce hardly any tillage or compaction soles; .

“the power transmission is very efficient (about 80%) because of the p.t.o.
‘drive {a plough is only about 50%). They cause hardly any slippage of the
ractor's driving wheels and so uphill working is possible;

heir short length removes less load from the front axle of the tractor;
“they can be combined with mounted sowing machines (very short sowing
time);

“they are very reliable.

a wide vrange of

mulching,

roin:
unced.
rapid
f the: S .

: he disadvantages of rotary tillers are:

:the power required per volume of manipulated soil is high compared with a
“[chisel) plough because of the operdting intensity;
hen the tillage intensity is too high (excessive rpm, Tlow speed}, the

-operation may cause surface slaking, crusting and soil erosion;

ccelerated decomposition of organic matter can be expected;

he capacity is not always satisfactory, especially for deep tillage;
-with a working width of 2.75 m the capacity is only 1 ha/h for stubble

more

“tillage;

a serious strain is imposed on the tractor p.t.o.
ard stony s0ils;

he driveshaft must match the tractor’s p.t.o.
daptors are sometimes necessary.

and drive system on

shaft (profile, length};

Functiening

he: rotating blades on the main shaft of a rotary tiller cut the soil  when
oving downwards. The blade's course is cycloidal because of the forward
ravel and it cuts wedge-shaped slices from the soil ({(Fig. 44). These
ites are thrown backwards against the hood and trailing screen which
ses further crumbling. When the shaft is driven from the centre, a
row untilled ridge is Teft (a tine is sometimes needed to break up this
When the drive is mounted on one side of the machine, its
shield determines the maximum depth (generally up to 15 cm or up
30 ¢m on special machines). The preferable working depth is between 5
nd='15 om. For seedbed preparation, however, the tilling depth should not
eed 10 om.

Fig. 43. Rotary tiller.
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& rotary tiller is very efficient for chopping and mixing (see Fig. 17),
secially when it is fitted with standard (L-shaped) blades. Organic
stter can be well worked in if it is evenly distributed over the surface.
gen there is a risk of wind or water erosion or in guick-drying conditions,
fie working depth should be shallow and the tilling intensity as low as
s5ssible so that the surface is left as rough as possible.

e infiltration capacity of the s0il can be improved by shailow tillage but
nly if it is not 1limited by the infiltration rate of the subsoil (e.g.
iing to tillage or tractor tyres). MNonetheless, a rotary tiller should
sver be used merely to improve infiltration. The pronrounced loosening of
e soil by a rotary tiller causes considerable decompesition of the organic

itter and also considerable nitrification of the nitrogen bound to that
Gaterial (important in a closely integrated crop rotation).

|

Fig. 44.

Cyeloidal pathe of pointe on the cutting edge of two consecutiv

knives of one working set of a rotary tiller.

The tractor wheel-tracks can be Toosened directly by off-set mounting fof}

narrow

single
fitted with a crumbling roller.

The axle revelutions and forward speed must be synchronized to

desired crumbling rate.

machines or by using wmachines wide enough to cover
tractor-wheels.
can

pass {time-saving, fewer tracks}, especially when the machine is

surface of the soil will be smeared.

As the number of blades along the periphery 1is increased (2-4-6),

tillage becomes more intensive.

The number of revolutions of the tiller shaft {100-300 rpm
be adapted to the travelling speed (up to approx.
conditions. In many cases, therefore, seedbeds can be prepared in

6 km/h) and the soiji:

achieve th
Depending upon the shape of the blade, a clearanc
angle must be left between the plane of the blade and the

: : tangent to
cutting trajectory

{Fig. 48)}. If this angle is too small, the cuttin

rips can be cultivated for row crops (e.g. potaties, cotton) by removing
ous units; this reduces the organic matter decomposition and the risk
erosion. The strip system can be employed for sowing (cereais,
tiigarbeet, cotten) and for crop protection operations (weeding, ridging,
etc.).

bot opagation of rooted weeds by partitioning of the rhizomes can be prevented
n dry weather) by tilling more than once with a rotor revolving at high

an

ecial model - the rotary tiller with reverse rotation - permits
satisfactory inversion and crumbling in one pass for grassland clearance.

ing to the thrust action of a vrotary tiller (excluding the reverse
tation type) hardly any slippage occurs by the trattor drive wheels (no
garing of the soil). A rear-mounted packer is often wused for Tevelling
d packing the soil and for improved depth control.

th

th

tary tillers have recently been produced with passive soil-loosening tools

ppers, chisels) mounted either in front of or behind the rotor and
iérating below the (rotor's) working depth. These dimplements make it
sible to combine shallow crumbling with deep loosening.

3 Linkage And Drive System

irger rotary tillers are generally sujtable for 3-point hitch linkage
ategories 1 - 1II, depending upon the power requirement) and only rarely
use as a trailer implement. The tillage operation is performed with the
idrautic system in free-floating mode since the system is not needed for
th control. Two adjustable depth wheels or skids or a rear-mounted
Jer control the working depth. The 1ifting capacity at the ends of the
ctor's lower Tinks should be more or Tess twice the weight of the
Jement. The centre of gravity is located close to the tractor.

any rotary tillers can operate in an offset position so that they can be
dapted to the track width (Fig. 46). A device is available for work in
‘orchards which shifts the implement sideways and back when a tree is
encountered.

Pig.
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45.

Clearance angle of rotary tiller knives [indiecated by arrow).
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4.4 Description Of The Implement And Tools

rame (Fig. 47) supports the main shaft which is mounted across the
irection of travel and supported by bearings, either in the centre or at
oth ends. The rigid soil-engaging tools {blades or knive§, Fig. 48) are
ounted on separate flanges {interval > 20 cm} each with up to 6 tools
eranged in "working sets”. The blades are set to the Teft and right in an
al number of pairs {2-6}, except for the sets on the sides. The complete
nit made up of shaft and +tools is called the rotor. The blades are
rranged in a spiral pattern to provide smooth operation: only one blade

hould hit the soil at a time.

175 A A T 7 7 A

200 A7 LS,
L 120100 80 60 40 20 0 20 40 60 80 om 120

Pig. 46. Working widthe velated to the center of the tractor for rotary
tillers of 0.76 - 2.00 m wide. .

The implement is driven by the p.t.o. at 540 or 1000 rpm. The higher rpm
is now commonly used for the larger rotary tillers to save the drive system
and bearings. The gear-wheels in the gearbox usually have to be {inter):
changed when switching from 540 to 1000 rpm.

Pto- and drive shaft should have the same spline profile and the driveshaft
should be the correct length (when at working depth the telescoping joints.
of the shaft should overlap for at Teast 200 mm; when lifted, at Jeast 20
mm  clearance should be left to allow for further shortening of the shaft)
At working depth the universal joints in the drive shaft should have
maximum angle of 30 deq. An overload safety device is strongly recommended
especially on hard stony soits.

Rotary tillers require power (almost entirely through the p.t.o.) of 25-35.
kW (approx.  35-45 hp) per meter of working width for primary tillage at a
speed of 3-4 km/h. This reduces to 18-22 kKW/m {approx. 25-30 hp) o
ploughed soils.

Pig. 48. Working sets with: i

; Cutting blades for Light to heavy'sotls{ 5 )

Crumbling blades for Light to medium soils (fine tilth),
Mulching blades to incorporate straw, farmyard- and green monure.
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atary tillers are designed as mounted, trailer ar

The rotor is driven by chain transmission or gear-wheels from the centre or ilters, see chapter 6.2) implements.

one of the sides. There is usually a gearbox and overload safety device
between the tractor drive system (p.t.0. shaft and driveshaft with
universal joints) and the drive system of the rotor.

self-propelling (pawer

2.4.5 Adjustments, Operation

2.4.5.1 HWorking Depth - The depth may be varied from 0 to 25
‘adjusting the gauge wheels or skids by means of spindle or bolts

can a1§o be set by transferring the load to a packer (when mouﬁted]. The
-h1e1d1ng_ of the drive system will control the depth on very dry and hard
s0ils. Sickle-shaped blades work at greater depths than universal blades

Adjustment of the tractor’s 11fting arms (spindle). makes it possible to
Tevel the machine in a lateral divection.

cm by
The depth

Fig. 48. Working sete.

The rotor usually rotates in the same direction as the tractor-wheels
{concurrent revoiutions, Fig. 50A), :
Reverse-revolution rotary tillers (Fig. 508} are also available. On both
types a hood is used for additional crumbling ofithe soil aggregates and for:
guiding the flow of soil material produced by the rotor (protection against
flying stones, etc.). One or more trailing screens extending over the
entire working width may be used to level the soil surface. :
A screen of fron bars between the rotor and hoed is a special feature of the
reverse-revolution type (Fig. 50B). This screen separates the coarse soill
material, sods, trash, etc. and deposits them before and below the fin
material which passes through the bars. This machine is frequently used fo
grassland renovation when a seedbed for resowing is made in one pass.

the rotary tillers’ working depth can be adjusted by gauge wheels or skid
or by usfng a packer. Because of their short length rotary tillers are ver
sultable for attaching tools to the rear (rollers to compact or crumble th
s0i1) and for mounting sowing equipment (direct drilling). :

The rotor can also be fitted with tines {Fig. 77) or spikes (Fig. 42) fo
secondary tillage on ploughed land. Rotary tillers are often combined wit
other implements for primary tillage, especially implements Fitted witl
rigid tines (combination of chisel plough and rotary tiller). The tine
produce deep loosening of the soil while the rotary tiller performs mor:
intensive tillage on the surface. :

reverse revolution

The spike rotary tiller is commonly used for making ridges in one pass
special ridging units or shapers are mounted at the rear. The machine ca
be used later for maintenance (re-ridging, strip tillage) by removin
certain working sets. :

Coneurrent revolution (top) and reverse revolution (bottom) rotary
- Source: Heege.
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2.4.5.2 Tillage Intensity - The tillage ingensity {bite length, number of
cuts per square meter} depends upon the rotor speed {usually between 100 and.
300 rpm) and the forward travel speed (Fig. 51) as follows:
= Tow rotor speed and high forward speed: Jeaves clods and preserves the
soil structure;
- high rotor speed and low forward speed {1.0-1.5 km/h): 1intensive tillage;
— a very high rotor speed reguires a great deal of power from the p.t.o.
{the increase is more than propertional) and imposes a heavy strain on the
drive system; :
- the rotor's peripheral speed should be about three times the forward
travel speed;
- the hood is used for additional crumbling;
- the trailing screen greatly influences the resul ting tilth:
pesition gives the greatest intensity; .
- rear-mounted rollers are used for re-compacting the soil, controlling the
depth and, sometimes, for levelling or final crushing.

.4.6 Technical Data

the Tlowest pm of p-t.o. drive

aarbox (rotor rpm)

Fig. 51. Bite length as a function of design and adjustment for a rotary
tiller. Based on the required bite length (extreme right aris), the
possible combinations for adjustment can be found.
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.4.5.3 Operation - Rotary tillers can easily be mounted and adjusted by
ne man; a quick-coupling device can be used.
equire high skills from the driver.
Tlowing an overlap {about 10%).

Clean working can be achieved

up to 4.5 m

5-15(30) cm

540/1000

up to 6 km/h

from 20 kW (better is 30 kW) per
metre of working width

up to 10 steps

4.0-7.5 m/s

2-6/up to about 132

from 20 cm;

up to 45 cm when used behind loosening
tinés :

350-500 kg/m

friction cluich

(single or multiple disc type)
400 mm in diameter.

m/e o rpm m/s km/h number mm otor's peripheral speed
/ P / / 30 jo. of blades per set/total
L 80 - 300 istance between sets
+200 eight
afety devices
- 150
acking/crumbling reller
- 100
- 80 ;4.7 Literature
L 60 See literature of chapters 1 and 2.0.
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- 30
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A rotary tiiler does not




