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Abstract

The influence of the geometry of the hiteh on the behaviour of the
tractor and of the implement is theoretically analysed. Three-point
hitches are compared to one-point hitches.

In the vertical plane the possibility, when a three-point hitch is used,
to position the virtual hitch point very low and very far ahead of the
implement is found to be advantageous, together with its property to
allow easy adjustment of the position of the virtual hiteh point.

In the horizontal plane, the tractional hitch point of a three-point
hiteh normally does not coincide with its directional hiteh point. When
a one-point hiteh is wused the tractional and the directional hitch
peints coincide. This very fundamental difference gives the three-point
hitch some unique properties. Equations desceribing the angle deflection
and the lateral deflection of both directional and non-directional
implements are presented. They show that a non-directional implement's
lateral deflection as well as its angle deflection when used on a
hillside or when asymmetrically loaded, normally are much smaller when a
three-point hiteh 1is used than when a one-point hiteh is used. An
equation is also presented describing the return of an implement after a
lateral deflection.

The theory of a laterally mobile, but stable, front-mounted three-point
hitceh is presented.
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SUMMARY
Historical background

The invention of power engines, steam engines and internal combustion
-engines started a period of very rapid mechanization on the farms. In
field operations the new engines were used for the heaviest task,
plowing. In Europe, plowing was first mechanized by means of winching
systems using one or two steam engines’ (Renius, 1985). In North America,
.the first mechanization was achieved with direct traction "steam engines
(tractors). The development in the early nineteen hundreds ~ of fairly
reliable internal combustion engines led to a growing popularity' of
tractors, also in Europe.

These early tractors were often equipped with an integral plow. This
motor-plow concept was however relatively soon replaced by the concept
of a "naked" tractor and a pulled plow. The farmer could use the "naked®
tractor in many more tasks than gust plowing. He got a universal
_ tractor. s '

‘Compared to the integral plow, the pulled plow was far more dif‘fieult’_ to
use, The motor-plow could often 1ift the plow mechanically. The driver's
seat on a wmotor-plow was placed in such a position that the driver
easily could see and control the work done by the plow. One hundred
percent of the integral plow's surplus weight was transferred to the
tractor, thus improving traction. It was much easier to back w1th. a
motor—plow than with a tractor-pulled plow eombination. C

The, disadvantages of the pulled plow led to the idea of a mounted plow.
This plow would have most of the advantages of the integral plow. Many
-different hitches were invented to connect the tractor to mounted
implements. In operation the three-~point hitch, invented and patented by
Harry Ferguson, proved to fulfil most agricultural requirements. ' The '
intreoduction of the three~point hiteh led to a major breakﬂthrough in
the use of mounted:implements. Today, the three-point hitch 15 standard
equipment on universal tractors all over the world.

Tha threewp01nt hitch has however one major drawback in that the
hitching operation itself is both difficult and dangerous (Aas et al.,
1985). The present study was initiated by the need to make the hitching
operation safe and simple. One way to reach this goal is to use a quick-
- attaching coupler. However quick-couplers influence the geometry of the
three-point hitch. To be able to evaluate different guick-couplers it 'is
neccessary to understand how the operational characteristics of the
bhiteh are influenced by its geometry. The goal of the present study has
been to 1mprove this understanding.

Previous research

In the middle fifties and early sixties much research was done on the
geometry of the three-point hitch, probably inspired by the expiry of
different three-point hiteh patents. Examples of this research are;
Flerlage (1956), Bjerninger (19603 1961), Hain (1953), Skalweit (1953)



and Thaer (1956). The German research was used to set down a standard
for the geometrical design of the three-point hiteh. Since this standard
was successful, the three-point hiteh researeh in the sixties and
geventies concentrated on the hydraulie 1ift rather than on the
geometry. In spite of the popularity of the three-point hitch very
" little research on its geometry has been published in the last twenty
years. : : . ‘

“Skalwelt (1953) lnvestlgated the geometpy  of the threenpolnt hitch in
_the horizontal plane. He showed how the width of cut of the first plow
“bottom varied if the driver made minor, diversions from the intended
_track. He could also, using a geometrical t%echnique from .Hain- (1953),
'show how the gconvergence of the lower links influences the distance: it
takes for a plow £o reburn to its eorreet 1atera1 posxtlon after a
disturbance.‘ - ; S : :

TFlevlage (1956) - reported numerous experimental results that  indicated

 the importance of the convergence of the lower links on the behaviour of
the plow in the horizontal plane. In Germany his resulis were usaed to
standardize the lower link convergence. Bjerninger (1961) alsc notes the
influence of the lower link convergence on the variation of the wxdth of
the flrst furrow. . : :

- The influenee of the hltch geometry in the horlzontal plane on the
behaviour of implements was quantitatively analysed at the Uriversity of
Newcastle upon Tyne by Reece et al. (1966}, Cowell & Makanjuola (1966)
and Makanguola & Cowell (1970). They developed a second order dynamic
model - of the return of the implement after a lateral disturbance. In
this model they treated the directional properties of the implement
quantltatlvely but neglected the influence of a force in the upper link.
In their validation the test.implement. proved to be heavily overdanpéd
'except when  very. extreme linkage parameters - were used {(Cowell. &
Makanjuola, 1966). In most cases the forces due to acceleration could be
neglected, thus in. reality reducing the model to a first order dynamic
model. Makanjuola & Cowell (1970) also published equations describing
the lateral deflection and the angle deflection of an implement that is
operated on a hillside or around a curve. The equations are, because of
the geometry involved, fairly oompllcated. -

Kepner et al. (?9?8). stated that three-polnt mounted implements are
pulled towards one small area in the tractor (in the present study
. approximated. by a point called the tractional hiteh point).  The
implements are pointed towards another small area.  in the tractor
(approx1mated by a poant called the directional hitch polnt)

In the present study the existence of ane traetional and one directlonai
hitch point is used to develop a simple first order dynamic model of
the return of the implement after a lateral disturbance. In this model
acceleration forces are neglected. Simple eguations are also developed
describing the lateral deflection and the angle deflection of the
implement when operated on a -hillside or around a curve and when
operated with asymmetrleal loadu_ : ‘



Present study

- One-point hitches are used world-wide to pull implements. When a one-
point hiteh is used the bractor and the implement by definition ideally
-make contact in just one point. Since this point cannot convey any
torque the resulting hitch foree passes through this one point, also
ealled - the real hitch point. Since the tractional force between the
tractor. and the implement always passes through this point it is ‘the
traetional ‘hiteh point. Since the implement, when it moves relative to
the traetor, _turns -around -the real hitech point, it also is the
directional hitch point. Thus, for .a one~point hitch, the tractiomal and
:the directional hitch points coincide. This applies in all planes

~through the hitch. : L -

However, when a three-point hibteh is used this is not the case. A3 a
three-point. mounted implement moves laterally in the horizontal plane
the directional line of the implement intersects the symmetry line of
. the tractor within a short line segment (AD in figure 1). Since this
line segment is very short, it .can normally be approximated by a point.
The line segment AD can be considered the directional hitch poeint. A
small area AT can be considered the tractional hiteh point since the
implement's line of pull intersects this small area, irrespective of the
lateral position of the implement relative to the tractor. Thus, when a
three-point hiteh is used. the tractional hiteh point, AT, does not
normally coincide with the directional hiteh point, AD. s
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Figure 1. When a three-point hitech is used the tractional hiteh point,
AT, normally does not coincide with the directional hitch point, AD. The
directional line of the implement is denoted by D, the resulting hitch
. force by Fp and the center of resistance by CR. : . :

‘The differences between a three-point and.a one-point hiteh are analysed
-in papers 1 and 2. Both papers deal with the evaluation of an
experimental quick-attaching hiteh for mounted implements. The
experimental hitch had real hitch points in the horizontal, the vertlcal
longitudinal and the vertical lateral planes.
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In the vertical longitudinal plane the analysis of the three-point hitch
is done using the concept of a virtual hitch point. The possibility of
the three~point hitch to place the virtual hiteh point very low (even
~*below the ground is possible) and very far in front of the implament
(even in front of the tractor is possible) is found important when
‘plowing hard ground. It is also easy to change the location of the
©virtual hiteh point, thus '‘adjusting the weight transfer when a free
floating hydraulic 1ift is used as well as adjusting the “angle the
implement is tilted forward as. it is lifted. The corpect adjustment of
-this t£ilting angle is. important. since it influences the quality of the
work . produced by some implements, for example ‘centrifugal broadcasters,
sprayers and some soil-engaging implements {Jdnsson & Svensson; 1986).
- This angle also influences the clearance of the rear part - of  long
implements in transport position as well as the energy neaded to 1ift
the implement.

‘In  the horizontal plane the analysis of the three-point hitch is ° done
- using the earlier wmentioned concepts of one tractional and one
“directional hiteh point. In the analysis in papers 1 and 2 only perféct
directional implements, i.e. implements that move in the direction they
are’ pointing, and perfect non-directional implements, i1.e. implements
that wiove in the direction they dre pulled, are ireated. The analysis
“shows that when a non-directional implement i3 used on a hillsgide or
when it has an asymmetric center of resistance its lateral deflection as
well as its angle deflection are normally much smaller if a  three-point
hiteh is used than if a one-point hiteh is used. ' ‘ o

When the three-point hitch is used it is sasy to adjusit the direction of
the line of pull of a directional implement. This is a necessary
adjustment when plowing.

In a field experiment reported in paper 2 the directional property of a
mounted plow as well as the location of its directional hitch point were
verified. In paper 2 the thecretical possibility of a laterally mobile
but stable front-mounted three-point -hiteh is discussed. A hiteh
according bto this theory was later bullt. This hitch proved to | be
laterally stable with directional as well as non-directional implements
(Svensson, 1987). The model of the lateral behaviour of implements has
also been Suecessfully used to interpret some experimental results
reported by Flerlage (1956) (Jénsson & Svensson, 1986).

In paper 3 the model describing the behaviour of implements in the
horizontal plane is developed to guantitatively treat the directional
property of the Iimplement in twe situations, These situations . are
hillside use of the implement and asymmetrical loading of the implement.

Compared to the equations published by Makanijuola & Cowell (1970) the
equations given in papers 1, 2 and 3 are very simple. In spite of this,
- they ought to work also when there is a force dn the upper link. The
‘ equations. are. based on the existence of. one tractional - and ‘one
-directional hiteh point and on the directional properties. of -the
implement as described by Cowell & Makanjuola (1966). Neither -the
directional hitceh point nor the directional properties of the implement
are influenced by a force in the upper link. According to Kepner et al.
(1978) only the position, not the existence, of the tractional hitch
point is influenced by a force in the upper link.
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Future research

In the future the developed model of the lateral behaviour of implements
must be further verified. This is especially imporiant in load
31tuatlons when there is a force in the upper link. Verification is an
urgent research task since the model has 1mpllcatlons on the use of

threewpoint hitch quick-couplers as well as on the three-p01nt hitch
standard.

In addition the model ought to be furthér developed. An equation for the
5return of .an implement, with a quantified lateral stiffness, after a
.. lateral disturbance bas already. been developed but not yet published.

Many questions alsc remain concerning the behaviour of laterally mobile
front-mounted three-point hitches,
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