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ABSTRACT

Introduction: The focus of farm tractor operator is on forward and reverse hydraulic arm's
movements in addition to leg-pushing on brake and clutch pedals. Performing all these, with
respect to the machine model and operator's position, determines the posture and the
loading pattern of the operator's body.
Aim: The objective here has been the assessment of the pedal control to improve the
operator's functionality.
Material and methods: In this study, 1500 operators were subject to close interviews by the
researcher for 3 years in Isfahan Province. Operators with different anthropometries were
involved by sitting on MF285, U650, JD3140 and JD950 combiner seats. The operator's knees
were photographed in: free (no force enforcement), ready (beginning of force enforcement)
and active (force enforcing) conditions. The thigh and leg angle at the knee joint was
measured and the exerted force on the leg during leg-pushing was calculated too.
Results and discussion: Analysis of the obtained data indicated that the MF285 tractor clutch
exerted less maximum force on the knee due to the clutch mechanism. The JD3140 clutch
needed more maximum force in relation to MF285. The least maximum force was exerted on
the brake pedal of J]D3140. Under operating conditions, the widest knee extension angle in
leg-pushing was of the U650 and JD3140 tractors.
Conclusions: The U650 and JD3140 model tractors under 'ready' and 'active' conditions need
less leg-pushing force. This force exertion from the knee occurs at the widest extension
angle. These two models have higher ergonomic level with the least possible disturbance in
the knee joint.
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1. Introduction

Farm tractor operation includes movements and body seg-
ment turns and stretching which can generate discomfort in
different parts of the operator's body. Some of the model
tractors considered for the investigation in this paper were
those sold in the developed countries some years ago and, in
some cases, they are still used. Massey Ferguson and John
Deerre are global companies, selling the same basic concept of
an 80-100 horse power (hp) tractor in India for $150/hp, China
for $250/hp, and Europe and North America for $1400/hp. The
remarkable difference is mainly due to the increasing
complexity in safety, comfort and environmental technical
solutions adopted.’ In the developing countries, the tractors
used are not designed’ based on ergonomics, leading to neck
and shoulder, arm and leg and knee discomforts.?® These
mentioned models are not designed based on considering
Iranian human factors and the they have been introduced to
the Iranian market without any changes since long time ago.

Through interviews conducted by phone in New York State
regarding skeleton-muscular pains, it has been revealed that
there exists a statistically significant difference in developing
skeleton-muscular pains between the farmers operating
tractors and those who do not. The investigation has revealed
that joint trouble includes: lower back - 41%, neck/shoulders —
35%, knees - 29%, hands/wrists — 28%, and hips - 15%
(P < 0.05).%°

Different designs showing where the control arms and
proper calculation of forces need to operate controls on farm
tractors are of major concern in operator's comfort."* Irrational
factors such as the panel structure design, paints and design of
protective equipment lead to an increase in the costs instead
of safety concerns in agricultural equipment.’**3

The semi-automatic or full automatic electronic transmis-
sion systems could have a positive effect on ergonomic factor
while increasing efficiency in farm machinery.” The ergo-
nomic principles have a direct effect on the time when the
operator senses fatigue.'”> Tractor ergonomics is studied
through model simulation at the control arms setup. Several
researches have used factor analysis in optimizing the
necessary dimensions in tractor and combine in order to
achieve better ergonomics.*”*¢°

Widana evaluated the effect of operators work load on
generating pain in different parts of the body after fatigue,
working hours and reduction in motivation to work and
accordingly, introduced a new farm tractor design.’® Chatur-
vedi et al.?! studied the operators physiologic and postures
during the transformed vibration in addition to the material
from which the seat was made.?" Zatsirosky solved the clutch
leg-pushing model by introducing two closed-loops for seat
design based on the operator body segments, seat installation
angles and proper diameters.?

The knee joint is the mostly applied body member subject
to different fluctuating forces when exerting pressure on the
control pedals. In this study, the knee joint has been examined
during leg-pushing in agricultural machinery.

Since Iran is a developing country, there is the need for
developing machinery and agricultural tractors and matching
them with Iranian operators' anthropometric characteristics

based on the findings of research. This study could be a new
step in the design and modification of the existing tractors.

2. Aim

The objective here has been the assessment of the pedal
control to improve the operator's functionality. Definitely,
using the seats with specific height and anthropometric
characteristics in accordance with Iranian operators can play
an effective role in reducing the amount of force exerted on the
knee of these people. Correcting seat height in tractors and
combines, i.e., increasing the height of the seats available in
Iran, can be one of the most effective strategies to improve the
current situation.

Other measures that could be based on the findings of this
study include adding clutch and brake force amplifier (booster)
to the existing power transmission mechanism of tractors and
combines. The lack of information on Iranians farm popula-
tion encouraged the current researchers to quantify Iranian
data. It should be noted that there are already other useful
studies on other populations, but the Iranian society has been
somehow neglected.

3. Material and methods

The advances made in farm tractors manufacturing industry
are more concerned with the properly facilitated operating
cabin. This can be observed in farming industry of Iran, where
Fergusson, Romany and John Deere tractors are used.

In this study, 1500 operators were subject to close inter-
views by the researcher for three years in Isfahan Province,
where 50 were selected for first stage experimental examina-
tions. Then, in the second stage of supplementary experimen-
tal test, 4 out of 1500 were selected to be representative of 95%
of the Iranian farm population.

Among these members of the statistical population, 4
expert operators (N, Ny, N3, Ny) with very close operational
backgrounds and different anthropometry and body mass
indexes (BMI) were selected as the subjects of the uniform test
candidates. The body descriptions are given in Table 1. To
estimate the segmental body mass, the model by Lehto and
Buck was employed and for body segment length, the model
developed by Shan and Bohen was used.?*?*

By evaluating the four tractor brands mentioned earlier, the
ones with similar test parameters and the average life span
and mechanically good condition were selected as the

Table 1 - The selected operators' physical description.

Operator N4 N N3 Ng
Weight, kg 72 84 83 78
Height, m 1.65 1.75 1.80 1.85
BMI, kg/m2 26.45 27.43 25.62 22.79
Thigh length, m 0.40 0.43 0.44 0.45
Thigh weight, kg 7.32 871 8.60 8.02
Leg length, m 0.41 0.43 0.44 0.46
Leg weight, kg 3.08 3.53 3.49 331
Trunk weight, kg 0.97 1.05 1.04 1.01
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Table 2 - Description of the tractors/combine considered for the investigation.

John Deere 950

John Deere 3140

Massey Ferguson 285 Tractor U650

Engine
Ignition system Direct injection Direct injection Direct injection Direct injection
Number of cylinders 6 6 4 4
Working cycle 4 4 4 4
Compression ratio 16:1 16:1 16:1 16:1
Nominal speed, rpm = 2400 1750 1800
Torque at nominal speed, hp 90 90 75 65
Others
Clutch One plate One plate Two plate One plate
Gear box Synchromesh Sliding mesh Synchromesh Sliding mesh
Forward speed (stage) 4 8 8 10
Reverse speed (stage) 1 4 2 2
Steering Hydraulic Hydraulic Hydraulic Semi-hydraulic
Front wheel drive, cm 220 150-180 150-180 150-180
Rear wheel drive, cm 170 160-180 160-180 160-180
Life cycle, years 10 13 13 15

representative test material. In the investigations on the
tractor condition based on their mechanical records, it was
found that most of them had worked for more than 13 years.
Each operator was set in the four given tractors' seats for leg-
pushing with respect to 'free,' 'ready' and 'active' conditions,
beginning with a 90° flection towards more extension. These
three conditions were filmed at the knee joint. The description
of the tractors/combine considered for the investigation can be
seen in Table 2.

In the 'free' condition, the knee was relaxed, showing no
action; at the 'ready' condition, the foot was put on the pedal
with no force exerted, that is, zero tension; and in the 'active’
condition, the clutch pedal was fully pushed, that is, clutch
engagement. By evaluating the photos, the knee angle was
measured and recorded through protractor apparatus. The
anti-force exerted by the pedal was measured too. The angle of
leg-pushing depends on the position of the driver on the seat
and the adjustment of the seat. Seats generally have vertical
and longitudinal adjustment. In this research, we asked the
operators to adjust their seats based on self-selected position.

Table 3 - Maximum force exerted on the operators' foot at
'active' condition.

Maximum
anti-force by
brake pedal, N

Maximum
anti-force by
clutch pedal, N

Tractor type

Apart from the vibration forces exerted by the machine, the
anti-force exerted by the pedal fluctuated as the three
conditions were changed, that is, from zero at 'free' to the
maximum force at 'active' conditions (Table 3). The force was
recorded with tractor standing still and cold and the force
required to act controls was higher than that of hot system.

The anti-force exerted by the pedal was measured by load
cell. The load cell accuracy was 6: 0.5% of reading down to 1/50
of load cell capacity. The load cell resolution was: 1/100 000
(1/300 000%) of load cell capacity (in tension and compression).
Load cell was designed based on ISO 7500, EN 10002.2, DIN
51221, ASTM E-4 standards.

With respect to the model presented by Zatsirosky?’
regarding brake and clutch pedals evaluation, the findings
on these four tractors corresponded to those of both experi-
ments. Combine and tractors are very different machines,
especially for transmission, engine power, and driving station.
Usually, they are not dealt together.

The obtained data were arranged at the ANOVA analytic
tests and fed into SAS software for analysis (see results in
Table 4). For each tractor model, the three conditions were
analyzed through separate tests. The collected sample was 108
samples: 4 machines x 2 pedals (brake and clutch) x 4 opera-
tors (person) x 3 positions (free, ready and active).

4, Results and discussion

JD3140 266.10 372.53

MF285 253.33 710.77 The obtained results indicated that in tractor type modeling
U650 341.51 683.30 there was a statistically significant probability at 5% level
JD950 combine 404.30 635.85 between the angle conditions and the anthropometric of the

Table 4 - The ANOVA test analytical results.

Source Degrees of freedom ANOVAs sum of squares Mean square F-value Pr>F
Equipment 3 3905.61458 1301.87153 6.83 0.0003
Pedal 1 463.76042 463.76042 243 0.1224
Angle 2 19 485.08333 9742.54167 51.13 <0.0001
Person 3 6483.61458 2161.20486 11.34 <0.0001
Model 9 30 338.07292 3370.89699 17.69 <0.0001
Error 86 16 385.41667 190.52810 - -
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800
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© 300 _//
200
100
0
JD 3140 MF 285 U650 4D 950
(Combine)
—e—Clutch Force 266.1 2533 3415 404.3
Min 2316 2202 3134 380.1
Max 301.9 287.7 370.7 4294
—e—Brake Force 3725 7108 683.3 635.8
Min 3413 676.9 649.8 611.4
Max 405.0 7459 718.1 661.2

Fig. 1 - The maximum anti-force (N) exerted by the pedals.

operators. Comparing clutch and brake pedals of different
tractor models did not, however, show any statistical signifi-
cance.

The least maximum force inflicted by the clutch pedal was
recorded in MF295 tractor, which was followed by JD3140 with
a difference of 10 N, ranking the second. The least maximum

force inflicted on the brake pedal was recorded in JD3140
(Fig. 1). In farm machinery, due to low speed and the frequent
stop and go nature of the work, clutching occurred more than
braking.

The analysis conducted on the variables in the 'free'
condition indicated no significant difference in the pedals. In
'ready' and 'active' conditions, there was a significant
difference at 5% level between the clutch pedals. It was also
observed that the knee angle differed in the 'active' condition
of different tractors. The analysis conducted on the internal
forces under external loading at small opening angles and the
statistical analysis indicated that when no external forces
were inflicted on the foot at bigger angles as the knee was
extended, less force was inflicted through the quadriceps
muscle; thus, the muscular was in a better condition with less
fatigue. From the 'ready' to the 'active' state, the more the
opening angle and the knee extensions in force, the less the
disturbance potential.

The most knee joint extension angle in the active mode
occurred in leg-pushing in JD3140 and U650 tractors. The
JD950 combine had the lowest standard deviation (SD).
The least angle of knee joint extension in the clutch and
brake occurred in leg-pushing in MF285 tractor with the
highest SD (Figs. 2 and 3). The maximum anti-force exerted by
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80
Released Standby Active
=@ ]D 3140 107.3 107.8 165.8
Min 72.8 74.4 122.2
Max 142.9 142.3 210.9
«—@=JD 950 (Combine) 106.3 107.8 138.8
Min 78.2 87.5 108.8
Max 135.3 128.7 169.8
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Min 87.6 59.8 68.9
Max 158.2 121.3 154.6
=@ U650 105.0 107.3 158.5
Min 79.5 78.7 121.7
Max 131.4 136.9 196.6

Fig. 2 - The average angle of three conditions in JD3140 and JD950 (combine), and in MF285 and U650 - the clutch.
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Fig. 3 - The average angle of three conditions in JD3140 and JD950 (combine), and in MF285 and U650 - the brake.
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the pedals was in JD3140 and U650 tractors, with the full
extension of the knee joint, while the quadriceps muscle
contraction was full.

5. Conclusions

The results obtained by testing the three conditions on JD3140
and U650 tractors regarding muscular disturbance indicated
more safety for the operator. The least diversion was with JD950,
where, in relation to different anthropometrics, there were less
sensitivity and exposed similar angles in the knee joint. The
lowest knee joint average observed in MF285 at the maximum
force was inflicted on the pedal at the minimum knee extension.
The results also showed the MF285 at ergonomic level had the
lowest level in relation to the other three tractors, thereby
increasing disturbance in the knee joint.
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