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Abstract

Measurement of the values of forces in tractor arsnsf great importance due to draft of
agricultural equipment. These values can be usedefting and evaluation of the agricultural
machinery, selection of suitable tractor, etc. Tbaels which are used for measurement of the
forces are called dynamometer. The main objectiivéhe present study was to design and
evaluate a load cell for integral three point hifghn Deere 3140 tractor. These load cells are
installed on the bottom links and measured draftd®. The sensitive parts of these load cells are
square side pins on which some strain gages wstalled and the force was measured. This load
cells do not have the errors usually faced witlotimer load cells such as reciprocal sensitivity
and hitch point movement. Besides, their manufatjucost is very lower than the other similar
load cells.
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1. Introduction
Nowadays, a considerable part of energy is used dgricultural activities and their
mechanization, and an enormous sum is also spenproviding the required powers of
mechanization. Reports on the amount of energywnopson in the U.S indicate that about 12%
of total energy consumption is allocated to agtimal and related food chain activities and that
the real consumption in agriculture is about 3%otdl energies. More than 50% of this energy is
consumed in the tillage part that is annually aggbbio more than 225 billion ton of soil. In order
to plow this amount of soil, we will need 2 milliditers of gas oil [1].
Measuring the power and tension of soil cultivatimplements in different situations are useful
for selecting the tractor and instruments for vasi@agricultural functions. Informational data are
essential for domestic producers and manufactweisgricultural machines. The size of the
implements can be inconformity with available tomst in the country by measuring the
informational parameters of tractor such as tenpmwer. This information can be useful for the
assessment of various mechanized systems in agrieuManufacturing factories of agricultural
machineries and agricultural producers can uséntf@mation on "necessary power and tension
resistance of soil cultivation implements in vasospils” to determine the appropriate size of
tractor.
Farmers mostly select tractors and implements Hervarious agricultural functions based on
their experiences. These earlier experiences mag hess impact on the selection of new
implements.
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Therefore, data about tension resistance of nevemmgnts in various soils and situations can be
an important factor in tractor and agricultural Ieypents selection [2].

A three-point hitch dynamometer is needed to meaghe tension resistance between tractor and
the assembled implements. Most of the three-potoh ldynamometers have been designed and
manufactured since 1960. In all of the recent desigesistance strain gauges have been used for
measuring the forces in special constructed lodid.c8ome designs measure all of the force
components incoming to implements by dynamometemesothers measure only horizontal and
vertical forces but lateral small forces are ovekkxd. Most of the systems measure only
horizontal force (strain). Generally, dynamometas be classified into two major groups: frame
and linking.

Frame dynamometers contain load cells, installed special frame placed between tractor and
the implements. In other words, the frame is desigim such a way that it is connected to a
tractor from one side and to the implements froendther side. The main advantage of the frame
dynamometer is that it is not for a special kindtraictor. However, the frame dynamometers
have many defects such as the following:

1-There is a need for making a special frame whaahvery difficult, time consuming and costly
task. As its parts are very big and heavy, on ttheerohand, they need a high accuracy for
prevention of problems while being connected tottaetor and linking the implements to them.

2- The frame displaces the linking point of the lempents to the tractor about 200-
300m.mbackward. This displacement completely des@rdhe status of the exerted forces on
tractor and makes small and large errors, deperairtge displacement amount.

3- Frame weight can be over 200kg which has an itapbrole in the exerted forces on the
tractor and weight transmission that by itself esusrror.

4- Frame makes problems in connecting implementd) as difficulty in implements connection
because of frame inflexibility, problem in connectiof the PTO axis in case of the frame
unsuitable design.

Instead, linking dynamometers have the followingaadages:

1- Lack of design frame makes its construction g&myth a lower cost.

2- It never disorders the exerted forces on traatol does not make errors.

3- It has a better flexibility while performing irfgments connection to tractor.

4- It does not make any problem in establishinthefPTO axis.

Considering the need of country, advantages, awd gocuracy of linking dynamometers, we
designed an advanced linking dynamometer.

2. Materials and method

2.1 Selection of tractor

Linking dynamometers should be designed for a spéector; therefore, in order to test larger
implements, John Deere 3140 tractor was selectaezhgrthe available tractors in the country
because of its prevailing usage and appropriateep@®bhorse powers). In addition, the form of
its lower arms is such that it facilitates the dasig of dynamometer transducers.
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2.2 Analysis of force

This dynamometer has transducers, installed onrl@avas measuring the forces in horizontal
and vertical directions. In addition, by installistrain gauges on the upper arm, its axial force
can be computed.

In order to analyze the measured forces indireatioirension and vertical forces, the arms angle
should be determined in relation to the horizoatad vertical planes of tractor. For this reason,
angle computing system was designed to specifyridwies angle in the ratio of the horizontal
plane.

Considering the geometry of tractor and implemetiits, angle of lower arm in relation to the
vertical plane of the device and the upper armemngtelation to horizon are measurable.

For measuring the tension power of tractor, in toldito measuring the tension force, we need
instantaneous velocity. In order to measure théamaneous velocity, a velocity meter was
installed on the front wheel of tractor. A dataledling system was selected for collecting data.

2.3 Forcesin the linking points of the assembled implements

In the assembled implements, the device is condectéhe upper hitch point and two lower
hitch points of tractor. In the upper hitch poifotice is exerted only in the direction of the axds
the upper arm (Ft), but in two lower hitch poirftaces are in three directions: in direction of arm
axis (Fblh, Fbrh),perpendicular to the arm diratiibblh, Fbrh) and lateral (Fbrs, Fbls) (Figurel-
left and middle andFigure2).

The mentioned forces should be analyzed accordintpeg arms angles, and their components
should be obtained in directions of tension (F>d waertical (Fy) (Figurel-right).
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Fig.1. Left: the way of incoming forces on the lawns of tractor- Right: tension and vertical forces

Then, the tension force (Fx) can be obtained thndbg algebraic sum of horizontal components,
and vertical force (Fy) by algebraic sum of velticamponents Considering the arm angle in the
ratio of the horizontal plane (a), the axis foréaupper arm is analyzed to its components in the
direction of tension (Ftx) and vertical (Fty) (Fre@).
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Fig.2.Position of forces in the top arm- Left: feraxis and its angle with the horizontal plane-@ight: Analyzing
of
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Ftx=Ft cosa (1)

Fty=Ft sin a (2)

Lateral forces can be usually overlooked in congoeriwith the horizontal and vertical forces; in
addition, these forces are less emphasized in sisaycept on special cases. On the other hand,
form easuring this force, device encountered soptexity in constructing. For these reasons,
measuring the lateral forces was given up.

We can obtain axis (&, Fyix) and vertical forces ¢, Fuy) in lower arms (Figure 4) if we over
look the lateral forces and consider the two angtesented in Figure 3.

T N
= I s

Fig.3.Right: the angle between the low arms anchtr&on (b) —Left: the angle between the low aemd vertical
symmetry plane of the tractor(c)

Fig.4.Introduced forces in different exponent ator- Right: the back exponent of tractor- Ldfe top exponent of
tractor

Fbix=Fblh.cos b . cos ¢ — Fblv. sinb . cos c 3)
Fbrx=Fbrh.cos b . cos ¢ — Fbrv. sinb . cos c ) (4
Fbly=Fblh.sin b + Fblv. cos b (5)
Fbry=Fbrh.sin b + Fbrv. cos b (6)

2.4 Computation of tension and vertical forces

Tension and vertical forces are obtained throughatgebraic sum of their components in three
linking points:

Fx=Ftx+ Fblx+ Fbrx (7)

Fy=Fty+ Fbly+ Fbry (8)

By substituting (1), (3) and (4) equations into &pn(7), the tension force is obtained:
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Fx=Ft .cos a + Fblh. cos b. cos ¢ — Fblv. sin B.@oFbrh. cos b. cos ¢ — Fbrv. sin b. cos ¢ (9)
Also, by substituting (2), (5) and (6) equation®eayguation (8), vertical force is obtained:

Fy= Ft .sin a + Fblh. sin b + Fblv. cos b + Fbih.ls+Fbrv. cos b (10)

Now by measuring the axis force (Fbrh, Fblh),pediarar to axis (Fbrv, Fblv) of the lower
arms and the axis force of the upper arm (Ft) aedcahgles of upper and lower arms (a, b and c),
the values of tension and vertical force can bepdsd.

2.5 Design and construction of lower arms load cells

For measuring the forces of arms, one load celldessgned for each arm. Considering the point
that lower arms of John Deere 3140 tractor arepigoes (Figure5), the load cells were designed
in such a way that just the final small part ottos had to be changed for locating the load cell.
The designed load cell (Figure 6) is located indliding part of lower arm (Figure 5-left),instead
of being locate din final part (Figure 5-right).i$hmethod is quite desirable because of its more
simple construction and accuracy of device and umxat does not make any problem in the
geometry of tractor implements.

Efforts were made to consider the best designherpiarts of this load cell, so that in addition to
suitable tolerance of forces and no increase ofimam stress beyond the acceptable point in the
part, the weight of part would not rise and thet gauld be constructed easily. This model was
selected after designing some model for this padtanalyzing the limited components of these
parts inmost severe situations, and computing #ighw and method of constructing. Concerning
the tolerance of forces, weight and constructiothwe, this piece is in optimal condition.

_l o

Fig.5. Right: main part of John Déere 3140 traeton. Left: final part of John Deere 3140 tractanar
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Fig.6. Load cell components of the low arm

3. Selection of software and model

CATIA V5R7 software was selected for designing amalyzing the limited components. The
reason for this selection is its high ability in deting: the designing environment of this software
is much more advanced than the available ones. étiging ability of this software is the main
reason of selecting it for modeling and analyzimg limited components. Editing the parts in the
software is too fast and with a high accuracy agfeéd is little.

Due to the fact that many changes were needed thgédest form in designing of this load cell,
working with other available ones was impossibleduse of their lower speed and accuracy and
much defects. Every part was tested after creatidhe designing environment of this software,
according to the needs and the situations of dewidie analysis environment of its limited
components and available charges in order to aaeydproblem in the tolerance of the exerted
forces(Figure 7). To get the best form, many moda&lee designed and analyzed and finally this
model was selected, since it can resolve the nekdsir device and has suitable construction
Costs.
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3.1 Construction of the load cells

Construction of dynamometer was performed in marmnuuecision because the construction of
the measurement tool is very important and becanpeoper construction decreases accuracy.
Construction of the load cells was performed u€NC machines and steel st60 (Figure 8).

Fig.e8. Load cells

3.2Pins

Four pins are located at the main part of the thacsr to sense the force and control the
hollowsphericalpart in vertical and horizontal dtiens.

Strain gages are installed on these four pins.él'asron for selecting the square form for these
parts is the accurate installation of the straigega(Figure 9).

Fig. 9. Isometric exponent of the sensor pin of lows load cell force

For designing the load cell of the lower arm,fomeated in this arm should be computed.
Inorder to determine the maximum tension force Wwisi@xerted on implements by the earth, a
six-bottomplow was selected, every bottom with dperationwidth of 40cm and 30cm depth at
7.2 km/h speed inthe loamy soil. By this method thaximum createdforce in both arms of
tractor was 167400N andtherefore in each arm, $t 88Y00N.

Force in the lower arms is sensed by the strairggégg are installed on pins. It was decided
thatthe stress does not go beyond 200MPa.

P P

g=—= A=—
g

83700 = A =0.0004185m *?

~ 200 x10°
Supposing that pins section is square, we have:

A=a’?=4017x10"*m’ = a= 02m=2Cm

The accuracy of device can be increased by usmgttels with lower elasticity modulus. One of
theabilities of this dynamometer is its changeginhs.
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Accuracy in measurement can be increased by thaiulon of pins with smaller cross section.
Ofcourse, the selected pins for load cell shoulklasuitable tolerance in the face of the exerted
forces.

Generally, for measuring the forces of smallerimpats, we can use pins with a less cross
sectionin order to increase the accuracy of measeme

3.3 Measurement of force in the upper arm

Considering the fact that in the upper arm, theistg only the axis force, measuring its forces is
easier. These axis forces can be measured bylimgttie strain gages on the arm (Derafshi &

Mardani, 2003). At the end of the upper arm of JDleere 3140 tractor, there exists a rectangular
solid part which is suitable for installing theastr gages.

3.4 The selection of the strain gauge

Strain gauges were selected from Japan TML Compaogucts because of their quality and
availability. All the strain gauges of this dynameter were selected from the FLA-10-11 kind.
Considering the location of the strain gauges &edaimount of available room on force sensor
pins, the installation of this kind of strain gaggh regard to its dimensions is suitable. Its
installing method is easy and its price is lowercomparison with other strain gauges. In
addition, the maximum strain on pins is lower tlthe acceptable maximum strain of strain
gauges.

3.5 The circuits of strain gauges in the upper arm

Figure 10- Left which is a cross section of the empgrm shows the way the strain gauges are
installed. In addition, two strain gauges, R3 add &e installed instead of R1 and R2at the front
face. This kind of arrangement is used to in créhsesensitivity and eliminate the temperature
effects. According to Figure 10-Right, we locateist gauges on an electrical circuit.

R..\‘L - ;{22:.[(:

e

v

=

‘ < o e
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Fig.10. Left: locating method of strain gages om $kction top arm —Right: locating method of stggges on an
electrical circuit
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3.6 The circuit of the strain gauge in the lower arm

Two pins have been designed in the lower transdiacareasure the forces in any direction. At
the time of charging, one of the pins will be undegssure and the one will be in an uncharged
state. Four strain gauges were located on everySpiain gauges in the pins under the pressure
are to sense the strain and in uncharged pinaremplete the electrical bridges and eliminate
the temperature effects. Arrangement method ofnsyauges, electrical circuits of two axis
direction and perpendicular to axis are the same.

Strain gauges, according to Figure 11-Left, ar¢alled on the middle of presented face. The
method of labeling the strain gauges on the presspin is in the following manner. The two
other strain gauges are installed on the front fafcpin, such that R3 strain gauge is located
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instead of R1 and R4 instead of R2. In addition,iiRStead of R1, R6 instead of R2, R7 instead
of R3 and R8instead of R4, are located on the ugelkgpin.

Arrangement method of strain gages are accordifiggtioel0-Right. This arrangement in
addition to having a maximum sensitivity eliminatles effects of temperature.

Fig.11. Left: locating way of strain gages on piwkjch sense the load cell strain of low arm- Rigintangement

3.7 The measurement of angles of the upper and lower arms

In order to analyze the measured forces in the ugnme and load cells of lower arms, we are in
need of different angles of these arms. Three afmlé and c) have been used for analyzing the
forces indifferent directions.

3.8 The lower arm angle with a horizontal plane (b)

Optical sensors were selected for assigning thgdearmhis method has a very suitable, high
accuracy of measurement in comparison with otheathometers.

Also, it is very easy to construct. The lower amngve approximately 16 degree. For having
0.5degree of accuracy suitable for our task, werareed of 32 statuses which are obtained by
five bands(32=25).

3.9 Thelower arm angle with a vertical plane(c)
We use the tractor-implements geometry to deterrtige angle. According to Figurel2, we
have:

Fig.12. Low arms in horizontal plane

In Figurel2, n is the gap between the two hitchigoiof tractor after linking the
implements(centimeter), m=gap between two hitcinfsooflower arms to chassis (centimeter)
and I=length oflower arm (centimeter). So angls obtained fromthis equation:
n-m

2
| cosb

c=sin™
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3.10 The upper arm angle with a horizontal plane (a)
Considering the geometry of tractor-implements,thiggle is measurable, too. Having the
informationof Figurel3, we can identify the angd¢ ffomgeometry of tractor-implements.

lcosc tf

Fig.13. Left: top and low arms in vertical planight: geometrical shape for obtaining the sizergfla

In Figurel3-Right, | is the length of lower arm,mthe vertical distance of connection points of
lower andupper arms to the tractor, n is the destasf the upper andlower connecting points to
implements in verticalplane of tractor, o is theribontal distance of upper andlower arms’
connecting points to the tractor, and p is the tleoigthe upper arm. According to Figurel3-
Right, wewill have:

g2 [J(ml.cos c .sin b)Zl.cos c .cos b 0)2
r2 [Jmz2 o2

g° =(m+l.cosc.sinb)’ +(l.cos ccosb 0)?
r’=m’+o?

(= cos| (1cos + =r*
29l cosc

|, =180-(b+r)
l,=180-1,
s=l,

2 2 _ 2
(a+s)=cos‘1(—IO *q -n J

2pq
Angle (a) is computed in this manner.

4. Conclusion
The dynamotors designed and constructed in sidedhetry have been of the frame type so far.
The frame dynamometers have not been able to rheehaeds of country because of their
complicated design, their difficult constructiondatheir errors.
Therefore, efforts were made to design a linkingnatgometer suitable for the situation of
country such that in the construction materials afdother necessary items, the products
available in the country could be chosen and us#ost of the research and commercial
dynamometers designed so far have fewer abilibaspared with the abovementioned designed
dynamometer. Most of the dynamometers can only aredke tension force and cannot compute
the vertical force. In most of the other dynamonsgtarms angle is not measured and it should
be measured at first and it should not change dutie operation, but it occurs inevitably and
56



Journal of Modern Processes in Manufacturing amdi@tion, Vol. 3, No. 2, Spring 2014

consequently makes error. In most of the dynamameteghe measurement of in
stantaneousvelocity has been given up and therpfoser cannot be measured. These kinds of
dynamometers do not consider the very importamtcefif velocity on the soil resistance. During
working with these dynamometers, the velocity isuased to remain constant but this never
happens and makes errors. However, in designisgdfmamometer, efforts were made to avoid
the assumptions which cause many errors. In adaditiavas tried that the dynamometer to have
a suitable capability and flexibility, so that messment could be carried out with accuracy and
suitable ease. Arms angle is computed at every mbaral changing the angle makes no error in
this device. Furthermore, there will be no neednasure arms angle at the beginning of the
operation. Instantaneous velocity is computed,hst there will be no need for the velocity to
remain constant during the operation. Using thisagsiyometer, it is possible to measure the effect
of velocity on the soil resistance.

5.References

[1] Smith, L.A and Barker, G.L. 1982. Equipmentonitor field energy requirements. Transactionhef t
ASAE,25(6), 1556-1559.

[2] Al-Jalil, H.F., Khadrir, A. and Mukahal, W. 2@0Design and performance of an adjustable thré@-po
hitch dynamometer.Soil and Tillage Research. 63;155.

[3] Bowers, C.G. 1989. Tillage draft and energy swaments for twelve southeastern soil
series.Transaction of the ASAE. 39(6), 1492-1502.

[4] Chaplin, J.C., Jensene., F., Tabesch, A.M. sprdth, H. 1989. A three point hitch dynamometer fo
tillage research in Morocco. Land and water usékgdaa, Rotterdam, 3073-3078.

[5] Clark, R.L. and Adsit, A.H. 1985. Microcomputeased instrumantion system to measure tractat fiel
performance. Transaction of the ASAE. 28(4), 398-39

[6] Endrerud, H.C. 1999. Dynamic performance oflldroulters in a soil bin. Journal of agricultural
Engineering Resarch.74, 391-401.

[7] Garner, T.H., Dodd., R.B., Danwolf, D. and ReipU.M. 1981. Force analysis and application of a
three-point hitch dynamometer. Transaction of tigAK., 31, 1047-1053.

[8] Ghazavi, M.A. 1997. Energy inputs and resultingil physical conditions of primary tillage
impelementas.thesies submitted for the degree ofdd@f Philosophy. The University of Newcastle
Upon Tyne.

[9] Girma, G. 1989. Multicomponenet dynamometer feasurement of force on plough bodies.Journal
of agricultural engineering research, 42, 85-96.

[10] Glancey, J.L., Updyahayaya, S.k., Chanceldf,J. and Rumsey, J.W. 1996. Prediction of
agricultural impelement draft using an instrumerdedlog tillage tool. Soil & Tillage Research. 37,
47-65.

[11] Godwin, R.J. 1975. An extended octagonal riransducer for use in tillage studies. Journal of
agricultural engineering research., 20, 347-352.

[12] Godwin, R.J., Reynolds, A.J., Dogherty, M.ddaChasal, A. 1993. Atriaxial dynamometer for force
and moment measurements on tillage impelementsndloof agricultural engineering research, 55,
189-205.

[13] Johnson, C.E and voorhes, W.B. 1979. Aforceadiyometer for three point hitches. Transaction of
the ASAE, 22(2), 226-228.

[14] Lal, R. 1959. Measurement of forces on mourgokelements. Transaction of the ASAE. 2, 109-111.

[15] LilJedhal, J., Carleton, M., Turnquist, P.daBmith, D. 2000. Tractors and Their power unitslAV
publishing company Inc., 350-368.

57



Design and Construction of Load Cell of a ThreenPblitch Dynamometer for Tractor John Deere 31404 p-58

[16] Palmer, A.L. 1992. Development of a three ptimkage dynamometer for tillage research. Jouohal
agricultural Engineering Research, 11(1), 33-37.

[17] Reid, J.T., Carter, L.M. and Clark, R.L. 198Braft measurements with a three-point hitch
dynamometer. Transaction of the ASAE, 28(1), 89-93.

[18] Scholtz, D.C. 1996. Athree point hitch dynanster for restrained linkage. Journal of agricultura
engineering research, 11(1), 33-37.

[19] Shibata, Y., and Tyoda, k. Development of logltlof tension and compression type by a approgpria
technology. AMA., 22, 16-20.

[20] Watts, C.W. and Langstaff, D.J. 1989. Mobietrumentation and data processing system fongesti
field machinery. Journal of agricultural enginegriesearch., 43, 67-76.

[21] Weise,.G. and Eichhorn, H. 1997. The applaanf Mohr-Coulomb soil mechanics to the design of
winged shares. Journal of agricultural engineeringresearch., 27,235-247.

58



