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Abstract: Problem statement: Field machines contribute a major portion of th&alt@ost of crop
production. Proper selection and matching of farathinery is essential in order to reduce the cbst o
crop production. Performance data for tractors anglements are, therefore, essential for farm
machinery operators and manufacturers alike. Thredithis study was to develop and evaluate an
instrumentation system for tractor and agricultimgblementsApproach: An instrumentation system
was developed and mounted on an MF 3090 tractaneéasure and record data for the various
performance parameters of the tractor and attatiiede implements. The system was designed to
measure: drawbar pull, three-point linkage foraesy and front wheel forces, PTO torque, ground
speed, tillage depth, fuel consumption, engine dpmed fluid temperatureskesults. The system
performed well during the field operations and thsults obtained showed that the accuracies of the
transducers were acceptable. The wheel torque arghtmransducers measured the torque and forces
acting on the tractor wheels with high accuracye Bither transducers measured the vertical and the
horizontal forces on mounted implements of categol (40-100 hp) and Il (80-225 hp). The field
tests showed significant increase in the draft witbreases in the depth and speed. A general
regression equation to predict draft of the impletrevas developedonclusion: The system was
capable of measuring the draft of primary tillaggiements on sandy loam soils at various speeds and
depths with high accuracy. The data was recordsglayed and analyzes simultaneously.

Key words: Instrumentation, transducers, dynamometer, tonageter, strain gauge, data logger,
tractor, implement, drawbar, PTO, temperaturedfui

INTRODUCTION developed a mobile instrumentation package for
monitoring tractor performance. Al-Janobi and Al-
Field machines contribute a major portion of theSuhaibani (1996) developed a three linkage-implémen
total cost of crop production. The proper operation transducer. Al-Suhaibani and Al-Janobi (1996)
essential for any system to be reasonably proétabl developed an instrumentation system for monitoring
Thus, efficient operation of farm tractors includés)  tractor performance. Al-Janobt al. (1997) developed
maximizing fuel efficiency of the engine and a precision wheel torque and weight transducer for
mechanical efficiency of the drive train, (b) makimg  common agricultural tractors. Al-Janosi al. (1998)
attractive advantage of traction devices and (Bcteg  developed a computer based data acquisition syfstem
an optimum travel speed for a given tragtoplement  monitoring the performance of agricultural tractoks
system (Grisset al., 2008). Therefore, performance data Janobi (2000) developed a data acquisition systam f
for tractors and implements are essential for farmmonitoring the performance of fully mounted
machinery operators and manufacturers alike. Propemplement. Al-Suhaibani and Al-Janobi (1997) made
selection of tractors and implements for a paicédrm  an extensive review on various instrumentationesyist
operation need to be based on these performande measure the performance parameters of tractats a
parameters (Al-Suhaibani, 1992). implements. The majority of these systems were
A number of instrumentation systems, based ordesigned exclusively for particular tractors andnz,
data loggers and microcomputers, have been dewklop¢herefore, be easily adopted to other tractors. tMbs
and used to determine the performance of agri@lltur these systems were used to measure one of the major
tractors and implements. Al-Subaibagti al. (1994) performance parameters such as: drawbar pull,ngrou
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speed and drive wheel speed. They, also, lack thelock diagram of the instrumentation system is ghow

ability to monitor and analyze fluid temperaturesin Fig. 1.

(engine oil, transmission oil, front axle oil, engi

coolant and engine fuel), Power Take Off (PTO)te;,q Drawbar dynamometer: The drawbar dynamometer

position of front wheel steering and angular posithe  consists of two load sensing clevis bolts. The dorc

lifting position of the three-point linkage. exerted by the implement was measured by a strain
The objective of this study was develop andgauge bridge within the clevis bolts.

evaluate a mobile instrumentation system for

agriculture tractors (up to 250 hp) and implementswWheel torque and weight transducers: Most of the

covering the range of the most common agriculturalvheel torque and weight transducers available @n th

wheel tractor in use in Saudi Arabia. market are designed to work on specific tractoms fo
specific precision and are quite expensive. Thustet
MATERIALSAND METHODS is need for a general precision wheel torque traced

) ) suitable for the most common agricultural tractors
Development of a tractor instrumentation system: the field. To fulfill this need, two wheel torqueich
An instrumentation system was developed and irstall weight transducers (one for the front wheel and the
on a Massey Ferguson (MF) 3090 tractor to MeasUriher for the rear wheel) suitable for common
tractor and implement performance parameters. Thggricultural tractors were developed. These tr I
instrumentation system consisted of: (a) a drawbay ere used to measure the torque aﬁd weight acting o
dynamometer, to measure drawbar pull (b) two whee he tractor wheels. The developed transducer replac

torque transducers, to measure wheel forces (wea-t
d the standard wheel center of the tractor under

oint linkage-implement force and depth transduter, : .
Eﬂelasulre gth:eep-point linkage forcF:)es (d) ) otherconsideration and connected the wheel hub to theelvh

transducers, to monitor ground speed fluigfm. Figure 2 shows the tractor wheel fitted wittet
temperatures (engine oil, transmission oil, frodeail, ~ developed wheel torque and weight transducer. The
engine coolant and engine fuel), Power Take Offi@PT transducer incorporated three load sensing clevdis.b
torque, right and left position of front wheel siag Its force measurement on the revolving wheel were
and angular position and indication oé thifting combined with the measurement of angular positibn o
position of the three-point linkage, (d) a datageg to  the wheel by a position transducer. A shaft encoder
monitor and record data from various parameters andsed to determine the total horizontal and vertical
(e) a computer, for processing and analyzing deitte. components of forces.

Drawhbar
Bear and front wheels torque transducer 3 pomt linkage dynamometer  dynamotneter Stabdity unit

Data acquisition
system

Microprocessor unit

>

|
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Distribution terminal | |
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|

L2l Data logger i
Power supply i

Fig. 1: The microprocessor unit
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was measured by an RS optical proximity sensor
mounted at the front of the tractor near to thekshaft
pulley. Fluid temperatures were measured using
platinum resistance thermometers. A torque meter wa
used to measure the torque required to operate the
Power Take Off (PTO) driven implements. Two
inductive proximity sensors mounted on brackets
attached to the left and right bump stops on tbatfr
axle were used to indicate the right and left pasitf

front wheel steering.

Data logger: A data logger mounted on a platform to
the left of the tractor operator was used to scath a
record the output signals from the transducers. The
) ) ) strain gauge transducers in the instrumentatiotesys
Fig. 2: The tractor wheel fitted with the wheeldoe \yere connected to the data logger through amplifier

and weight transducer boxes, which also provided a regulated power sugply
give excitation to the transducers. The activitjt was
used to provide excitation to both the data logaysd
transducers with input supply from the tractor &att
(12 V). It was, also, used to indicate the activity
performed during field tests.

Transducer calibrating rig: A Transducer calibration
rig was designed and fabricated to calibrate th@ma
transducers in the instrumented tractor. The rig wa
used to calibrate the force transducers: drawbar
dynamometer, wheel torque meters, Power Take Off
(PTO) torque meter and three-point linkage-impletmen
force and depth transducers. The rig could be dsdsem

in three different modes to accommodate and c#ibra
the various force transducers of the instrumematio
Three-point linkage-implement force and depth  system. In the first mode, the load sensing clewits
transducer: A three-point linkage-implement force and (two for the drawbar dynamometer and three for each
depth transducer was developed for the MF 309@drac wheel torque meter could be calibrated againstoakhd

as a tool for measuring the draft forces. It wasigteed  standard load cell. In the second mode, the PTquéor
specifically for use with mounted implements of meter) could be calibrated against a 5 kN stanttsrd
categories 1l (40-100 hp) and llI (80-225 hp) ascell on a torque arm. In the third mode, the twoRE®
specified by ASAE Standard (1985), measuring ferceand the top link load cell of the three-point ligka

in the Iongitudinal and vertical pIanes. The lowaks imp|ement force and depth transducer could be readid

of the three-point linkage dynamometer were modifie against a 100 kN standard load cell. The calibnatio

to accommodate the sensing elements by presefvéng t procedure was similar to that reported by Al-Jareid
original geometry and the use of the Power Take Offal-Suhaibani (1995).

(PTO) shaft was not restricted.

Fig. 3: The 5th wheel for measuring speed

Mobile instrumentation laboratory: A self-contained
Other sensors: The tractor ground speed was measurednobile instrumentation laboratory was designed to
using a fifth wheel attached to a suitable positionaccommodate all the transducers in the instrumentat
underneath the tractor as shown in Fig. 3. An R8tsh system and the calibration rig for the calibrat@rthe
encoder (360 pulses/revolution) was mounted on th&ransducers on site. The instrumentation laboratory
fifth wheel and used to measure the distance tealvel included a personal computer for the development of
and hence the actual ground speed. Fuel consumed wist programs and for the analysis of data on . site
measured by a fuel flow unit. The unit gave a ®ngl Figure 4 shows the mobile instrumentation labosator
output pulse per revolution of the wheels. Engipeesl  with the MF 3090 tractor.
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Table 1: Specifications of tillage implements

Implement Width (mm) Specifications

Chisel plow 1 2100 Massey Ferguson (Denmark), migtieB8. Serial No. L4078. A heavy
duty type accommodating 13 shanks arranged imaws with 355 mm
between shanks in each row and 450 mm betwees fidve width of
shank is 60 mm and shank stem angle ts 60

Chisel plow 2 2100 Massey Ferguson (Denmark), mitieB8. Serial No. L4078. A heavy
duty type accommodating 13 shanks arranged imws with 355 mm
between shanks in each row and 450 mm betwees fidve width of
shank is 70 mm and shank stem angle is 55

Chisel plow 3 2100 Massey Ferguson (Denmark), mitieB8. Serial No. L4078. A heavy
duty type accommodating 13 shanks arranged irrdws with 355 mm
between shanks in each row and 450 mm betwees fidve width of
shank is 223 mm and shank stem angle is 57

Offset disk harrow 1800 Massey Ferguson (Denmarnkyel MF 38. Serial No. L4082. A disk
harrow with thirty six disks, 18 in each row wh0 mm
between disks in each row. Each disk is 510 mdia@meter and is inclined
to the direction of travel with a 4angle.

Moldboard plow 1150 Overum-S (Sweden), model 707333general purpose type with three
bodies in the frame, each of 360 mm.
Disk plow 1115 EBRO (Spain), model ADE 300. A plaith tree disks with 600 mm

between disks and a tilt angle of2Bach disk is 660 mm in
diameter with a disk angle of 45

Table 2: Operating parameters draft requirements of commonly used primary tillage
Implement Depth (mm) _ Speed (knth implements on sandy loam soils over a wide range of
Chiselplow1 115,160,230 0.75,1.20,1.75, 2.30 speed and depths at the Agricultural Research and

Chisel pow2 115,160,230 0.75,1.20, 1.75,2.30 : . . LT
Chisel plow 3 100, 150, 200 0.75. 1.20. 1.75. 2.30 Experimental Farm of King Saud University in Dirab.

Offset disk harrow 70, 115,170  0.85, 1.30, 12700, 2.25,250 A set of primary tillage implements consisting dfiree
Moldboard plow 70, 115,170 0.85, 1.30, 1.7002025, 2.50  chisel plows of different shanks, an offset diskrba,
Disk plow 70,115,170 0.86,1.30,1.70,2.0852250 3 moldboard plow and a disk plow were used in the

experiments. The specifications of these implemards
presented in Table 1. These implements are
representative of the standard primary tillage
implements most commonly used for seed bed
preparation in Saudi Arabia. For the three chisalvp,
four speeds and three depths were tested resiittiag
total of 36 treatments. For the other three impleisie
six speeds and three depths were tested resulttirag i
total of 54 treatments. The values of the operating
parameters are presented in Table 2. All treatweng
replicated.

Fig. 4: The mobile instrumentation lab and the MF-
3090 instrumented tractor
RESULTS

Calibrating procedure: The transducers were
calibrated using the relevant standard load cedl an The developed instrumentation system consisted
Novatech indicator as described reported by Al-Bano of: (a) a drawbar dynamometer, to measure drawbar
and Al-Suhaibani (1995). For each calibration tlestd  pull (b) two wheel torque transducers, to measureel
was applied in equal steps from zero to the maximunforces (c) a three-point linkage-implement forced an
allowed load for the transducer under test and thedepth transducer, to measure three-point linkagee$
reduced in approximately the same steps back . zer(d) other transducers, to monitor ground speedd flu
A linear regression analysis was carried out onditan  temperatures (engine oil, transmission oil, frodeail,
collected for each transducer under calibrationgighe  engine coolant and engine fuel), Power Take OfiGPT
lotus software package. torque, right and left position of front wheel siag

and angular position and indication of the lifting
Field experiment: Experiments were conducted using position of the three-point linkage and (d) a datwer,
the fully instrumented MF 3090 tractor to measure t to monitor and record data from various parameters
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Fig. 5: A screen showing input data Fig. 8: A screen showing the results of a perforoean

components (SX) presented in a curve

— B Other developments included: (a) designing an
e [— electric circuit to determine the angle of the tfirs
[ o0 transducer on front and rear wheels, (b) changmy t
design of the fifth wheel to become smaller analew
(c) increasing the number of pulses from 20-360
pulses/turn in order to increase the accuracyaifing of
the actual tractor speed and (d) developing a
microprocessor unit (which included a laptop coraput
two data acquisition cards and a speed signal thonitig
circuit) with an interactive screen for monitoririge
performance of the tractor and the mounted implémen
using Visual C++ programming tools.
The wheel torque and weight transducers measured
Fig. 6: A screen from the results file before resgirg  the torque and forces acting on the tractor whestls
a specific data presentation high accuracy. The other transducers measured the
vertical and the horizontal forces on mounted immaats
of categories Il (40-100 hp) and Il (80-225 hpheTon-
Output @ =] [ board data logger recorded the implement draft and
working depth and tractor speed during field openast
The laptop displayed the values of the measured
parameters and analyzed the data simultaneousty in
well-designed format. It, also, provided information
faulty transducers (signals) and on the stabilitythe
tractor. The computer program consisted of thréde s
programs to: (a) scan sensors (up to 10 scand,sg)
convert signals to engineering values and (c) potee
data and presenting the results (digital valuesuoves).
A screen showing input data is presented in Fighbe
Fig. 6 shows a screed before requesting a spelifie
presentation. Figure 7 shows a screen in whicleeifsp
performance component (SX) is requested. Figure 8
shows the results of a specific performance compone
(SX) presented in a curve.
The average values of draft for all the implements
obtained during the tillage experiments are preskim
Table 3. These results presented in Fig. 9 anchd@ed

Fig. 7: A screen showing the requested performanc@ Significant increase in draft with increases illage
components (SX) depth and speed for all tillage implements.
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Table 3: Draft (KN) measurements made during télel fexperiment

First depth Second depth Third depth
Average = = o memmemmemmemmmemmmmeeees e
Implement speed (m sép Mean SD Mean SD Mean SD
Offset disk 0.84 2.15 0.517 3.08 0.060 5.62 0.456
harrow 1.39 3.26 0.440 4.39 0.410 6.91 0.388
1.76 4381 1.735 5.53 0.617 7.40 0.835
2.02 5.46 0.156 6.57 0.587 9.56 0.656
231 6.25 0.412 7.43 0.637 10.57 0.596
2.50 6.78 0.498 7.88 0.520 11.37 0.788
Moldboard plow 0.80 4.08 0.110 5.29 0.111 8.03 b.11
1.32 451 0.219 5.99 0.071 8.56 0.364
1.68 4.99 0.250 6.69 0.298 9.01 0.241
1.94 5.36 0.093 7.29 0.165 10.02 0.348
2.23 5.98 0.705 7.97 0.240 11.40 0.172
2.53 6.79 0.594 9.21 0.100 13.00 0.398
Disk plow 0.86 3.50 0.102 5.34 0.134 6.76 0.078
1.27 4.15 0.146 551 0.173 7.15 0.059
1.60 5.10 0.185 6.25 0.113 8.09 0.661
1.90 6.11 0.174 6.96 0.168 8.76 0.308
2.18 7.30 0.617 7.99 0.449 9.56 0.532
2.54 8.96 0.225 9.91 0.229 11.13 0.305
Chisel plow 1 0.73 3.14 0.521 5.54 0.377 8.33 0.625
1.23 3.76 0.139 6.56 0.378 9.60 0.841
1.74 411 0.236 7.41 0.142 10.58 0.103
2.37 4.59 0.247 8.01 0.684 11.92 1.113
Chisel plow 2 0.74 3.01 0.235 5.38 0.338 8.19 0.146
117 3.61 0.172 6.44 0.279 9.47 0.178
1.82 3.74 0.161 7.11 0.221 10.51 0.754
2.30 4.37 0.264 7.85 0.296 11.33 0.427
Chisel Plow 3 0.72 7.52 0.593 11.00 0.717 15.9 D.84
1.19 7.86 0.285 11.49 0.421 16.58 0.652
1.75 8.13 0.112 11.84 0.513 17.13 0.579
2.30 8.41 0.673 12.34 0.597 18.31 0.979

SD: Standard Deviation

B Depth 70 mm
B Depth 115 mm

@Depth 70 mm
@Depth 115 mm

BDepth 170 mm B Depth 170 mm

Drall (N}
o
W T

Drafl (kN)

0.75 1.25 1.75 2 225 25

0.75 1.2 L75 2 2.5 23 .
Speed (m sec™) Speed (m sec™)

() (b)

8 Depth 70 mm

8 Depth 115 mm
B Depth 170 mm

Dirall (kN

0.75 125 175 2 225 25

Speed (m sec”™)

(©)

Fig. 9: Effects of tillage depth and speed on theftcdbf offset disk harrow, moldboard plow and dislow (a)
offset disk harrow; (b) moldboard plow; (c) dislop
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Table 4: Regression coefficients

Regression coefficients

Implement Draft unit symbol Probability value P) 2R
Offset disk harrow N mm [§0] 3.08990 0.9873
Bl -0.43580 0.0001
B2 0.01920 0.0001
B3 0.02290 0.0001
B4 0.02510 0.0577
B5 0.01070 0.0654
Moldboard plow N mrit Bo 0.46400 0.9939
Bl -0.38300 0.0001
B2 0.01990 0.0003
B3 -0.84210 0.0001
B4 0.07520 0.0001
B5 0.03140 0.0001
Disk plow N mnt* [i10] 1.39270 0.9958
Bl 0.11370 0.0001
B2 0.00790 0.0161
B3 -0.01382 0.0001
B4 0.09060 0.0001
B5 0.01730 0.0011
Chisel plow 1 N/tool po -19.54600 0.9995
Bl 21.68400 0.0000
B2 0.43620 0.0646
B3 16.90800 0.0000
B4 -1.77300 0.0017
B5 2.97500 0.0000
Chisel plow 2 N/tool B0 -63.18800 0.9961
Bl 26.06700 0.0000
B2 0.41290 0.5827
B3 20.05100 0.0000
B4 -1.66400 0.1600
B5 2.34200 0.0078
Chisel N/tool B0 94.18500 0.9989
plow 3 Bl 40.18300 0.0000
B2 0.23630 0.5855
B3 -14.34900 0.0000
B4 0.20230 0.2261
B5 1.97480 0.0027

@Depth 115 mm
@ Depth 160 mm
@ Depth 230 mm

B Depth 115 mm
®Depth 160 mm
B Depth 230 mm

Drall (kN)
Drall (kN)

075 125 1.75
Speed (m sec™)

(b)

B Depth 115 mm
®Depth 160 mm
@ Depth 230 mm

Drall (kN)

Speed (m sec™)

(©

Fig. 10: Effects of tillage depth and speed ondtadt of various chisel plows (&Jhisel Plow 1; (b) Chisel Plow 2;
(c) Chisel Plow 3
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1200 sandy loam soils at various speeds and depths. The

average values of draft showed a significant irszda
draft with increases in tillage depth and speed dibr

900 tillage implements. However, the depth had the most
500 effect on the specific draft. The Regression eguatias
used to predict the unit draft for the chisel plbwThe

- results showed that unit draft can be predicted
reasonably (R= 0.998). The predicted values showed a
good fit with experimental results as shown in Hig.

Slope = 0.997 *
R =0.5955 *

1100
1000

700

600
500

Predicated drafl, Néool

400 L

300 CONCLUSION

200 400 500 800 1000 1200 An instrumentation system was developed and
Measured draft, Nitool installed on a Massey Ferguson (MF) 3090 tractor to
) ) ) measure and evaluate tractor and implement
Fig. 11: Predicted and measured values of chissV il pherformance parameters. The instrumentation system
i ) _consisted of: (a) a drawbar dynamometer, to measure
For all tilage implements (except the chiselyawpar pull (b) two wheel torque transducers, to
plows), the draft was divided by the implement With  measure wheel forces (c) a three-point linkage-
obtain the specific draft (draft per unit width)hereas jmplement force and depth transducer, to measure
the draft was divided by the number of tools toa@bt three-point linkage forces, (d) other transduceos,
the specific draft (draft per tool) for the chigtdws. A monitor ground speed, fluid temperatures (engife oi
multiple regression analysis was performed on th§ansmission oil, front axle oil, engine coolantdan
calculated values of specific drafts of all implertse engine fuel), Power Take Off (PTO) torque, rightian
using the General Linear Model (GLM) procedure ofjeft position of front wheel steering and angular
Brocklebank and Dickey (1986). The general form ofpqsition and indication of the lifting position dhe
the equation used in this analysis was a functibn Othree-point linkage and (d) a data logger, to ruoni

travel speed and tillage depth. The regressiont@yua anq record data from various parameters.
that that gave the best fit with a maximum coeffittiof

regression (B is as follows: Other developmentsincluded: (a) designing an electric

circuit to determine the angle of the first trarsetuon

UD =B, +B,D +B,D* +’S+B,S +B,DS @) front and rear wheels, (b) changing the desigthef
fifth wheel to become smaller and wider, (c) insieg

Where: the number of pulses from 20-360 pulses/turn ireotd

ub = Unit draft (N mm" or N/tool) increase the accuracy of reading of the actuakdrac

D = Tillage depth (cm) speed and (d) developing a microprocessor unit &ath

S = Travel speed (km') interactive screen for monitoring the performantehe

By, 1,2,345= Regression coefficient (-) tractor and the mounted implement using Visual C++

. . programming tools.

The abqve equation can _be used to predict lthe unit “The system performed well during the field
draf(tj fc:r vanoqls a_gr:!culrt]ural |mplerr]1ents c&peraﬁg operation and the results obtained showed that the
san dy.oatmh_sm tW('jt |n_|t_ %lranfesho Speti S anthSep o ccuracies of the transducers were acceptablewhbel
used In this study. lable shows the regressmt?orque and weight transducers measured the tongdie a
coefficients for the implements tested on a sadynl . . .
soil. forces acting on the tractor wheels with hlg.h aacyr

The other transducers measured the vertical and the

horizontal forces on mounted implements of categalli
DISCUSSION . .

(40-100 hp) and Il (80-225 hp) with high accurathe

The data acquisition system performed wetirgy sy;tem was capgble of measuring and recordingfdata
the field operation and the results obtained shotieti ~ Primary ftillage implements on sandy loam soils at
the accuracies of the transducers were acceptabke. Vvarious speeds and depths. The data was displayed a
system proved to be an effective means of measaridg analyzed simultaneously. A general regression eguat
recording the draft of four primary tillage implentse on  to predict the draft of the implements was devedope
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