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rate simultaneouslywhile running on the treadmillto
arrive at the relationship between heart rate and oxygen

consumption. The oxygen consumption was measured
using Benedict-Roth spirometer and the heart beat rate was

recorded using Polar heart rate monitor.
2.3. Modifications of power weeder
Power weedeis a manually operated implement powered

by 5.5Hp petrol engineKig.1) and designetb workin 93
cm spacingin dry lands.It works by the rotary motiorof

blades and the weeds were cut and soil was ploughed

ensuring better soil aerati and water intake capacity. The
blade unit (working part)of the power weeder was
modified into helical blades for avoiding entanglimigthe
weedsin the blade unito improve the penetratioim the
soil and therdy removing the weeds effective(lig.2).

2.4. Field layout experiments

The experiment was conductéd the farmof Farming

Systems Research Station, Sadanandapuram, Kottarakkara,

Kollam District, Kerala, India. The power weeder was put
in proper test condition before conducting the tests. All the
three subjects were equally trainedthe operatiorof the
power weeder. They were aski&dreportat the work site

at 7.30am and have a rest f80 minutes before starting
the trial. All the subjects used similar typgclothing. The
subjects were given information about the experimental
requirementsoasto enlist their full cooperation.

Figure 2: Photographic vievef modified power weeder

The heart rate was measured and recorded using polar

heart rate monitor for the entire work period. Each trial
started with taking five minutes data for physiological
responsef the subjects while restingn a stool under

shade. They were then askiedoperate the power weeder
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(already startedoy another person) for durationof 15
minutes and same procedure was repettagplicate the
trials for all the selected subjects.

2.5. Data analysis

The recorded heart rate values from the computerized heart

rate monitor were transferre the computer and the
valuesof heart rateat resting level and from"to 15"
minute of operation were taken for calculating the
physiological responsesf the subjects. The stabilized
valuesof heart rate foeachsubject from 6 to 15" minute
of operation were usetb calculate the mean value for
power weeder. From the mean valwdsheart rate (HR)
observed during the trials, the corresponding valoies
oxygen consumption rate (D of the subjects were
predicted from the calibration curve$ the subjects. The
energy costsof the operations were computelly
multiplying the valueof oxygen consumption (meanfi the
valuesof three subjectshy the calorific valueof oxygen
as20.88kJ lit™ (Naget al., 1980) The energy costf the
subjects thus obtained was gradasl per the tentative
classificationof strainsin different typesof jobs givenin
ICMR reportas shownin Table 2 (Sen1969 and Sam,
2014).

Table 2: Tentative classificatioof strains (ICMR)in

different typeof jobs
Physiologicalresponse
Grading Heartrate Oxygen Energy
- uptakellit | expenditure
(beatsmin™) min* kcal min*
Very light <75 <0.35 <1.75
Light 75100 0.35-0.70 1.753.5
L‘]"Oderate'y 100125 0.70-1.05| 35525
eavy
Heavy 125150 1.05-1.40| 5.257.00
very 150175 1.401.75| 7.008.75
heavy
Extremely >175 >1.75 >8.75
heavy

2.6. Assessmentf postural discomfort

Assessmentof postural discomfort includedoverall
discomfort rating (ODR) antbody part discomfort score
(BPDS). The subjects were askedeportat the work site
at 8.00AM and have a rest f@0 minutes before starting
the trial. After30 minutesof resting, the subject was asked
to operate the power weeder for duratiohtwo hours.
Sufficient rest period was given feachsubjectbetween
the two trialson the same day with the same subject.

2.6.1. Overall discomfort rating (ODR)

For the assessmenf ODR, a 10 - point psychophysical
rating scale(0 — no discomfort,10 - extreme discomfort)
was used whichis an adoptionof Corlett and Bishop
(1976) technique. A scalef 70 cm length was fabricated
having Oto 10 digits markedon it equidistantly Fig.3). A
movable pointer was providesh the scaldo indicate the
rating.
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Figure 3: Visual analogue discomfort scale for assessment
of overallbody discomfort

At the endsof eachtrial subjects were asked indicate
their overall discomfort ratingn the scale. The overall
discomfort ratings giveby eachof the three subjects were
added and averagéal get the mean rating.

2.6.2 Body part discomfort score (BPDS)

To measure localized discomfort, Corlett and Bishop
(1976) technique was uselkh. this technique the subject's
bodyis divided into27 regionsas shownin Fig.4. Abody
mapping similarto that of Fig.4 was madéo have a real
and meaningful ratingf the perceived exertionf the
subject. The subject was askedmention allbody parts
with discomfort, starting with the worst and the second
worst andso on until all parts have been mentioned. The
subject was asketb fix the pin on the body parin the
order of one pin for maximum pain, two pins for next
maximum pain ando on. Thebody part discomfort score
of eachsubject was the rating multiplidgy the numbeof
body parts correspondinp each category. The tothbdy
part score for a subject was the sofall individual scores
of the body parts assigneby the subject. Thebody
discomfort scoreof all the subjects was added and
averagedo get amean score.
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Figure 4: Regions for evaluating body part discomfort
score

Weeding index was calculatedy using the following
formula (Anon 1985).

e =[(W1— Wo)/W4] x 100............. @)
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Where,

e = weeding Index, per cent
W, = numberof weeds/r before weeding
W, = numberof weeds/r after weeding

Higher the value (e) means the weeidamnore efficientto
removethe weeds.

3. Resultsand Discussion
3.1 Calibration process

By using the datan heart rate and oxygen consumption
rate, calibration chart was prepared with heart astthe
abscissa and the oxygen uptak®the ordinate for the
selected three subjects.

It is observed that the relationship between the heart rate
and oxygen consumptioof the subjects was fourtd be
linear for all the subjects. This linear relationship defers
from one individualto another dueto physiological
differencesof individuals (Kroemer et al., 2000) The
relationship between the two parameters oxygen
consumption (Y) and heart rate (X) was expredsethe
following linear equations.

For subject 1,Y=0.0152 X - 0.8824{R 0.9628) -- (1)
For subject II,Y =0.0199 X - 1.25qR?= 0.9849)-- (2)
For subjectll, Y =0.0156 X - 0.741%R?= 0.9575)-- (3)

Where,

Y = Oxygen consumption, | min
X = Heart rate, beats min

It is observed that Rvalue (coefficientf determination)
was very high for all the subjects who indicated that a
good fit was arrived between oxygen consumption and
heart rate.

3.2 Energy cosbf operation

The average working heart radé the operator wag28
beats miit and the corresponding energy expenditure was
2244 kJ min! for the power weeder. However, the mean
working heart rateof the operator was reduced 102
beats miit and the corresponding energy expenditure was
14.35 kJ min' after modification. Thehuman energy
expenditure was reducetb the tune of 36% after
modification. The weeding index was fountd be 85%.
Basedon the mean energy expenditure, the operation was
gradedas“ Mo d e rHactaevlyy’ .

3.3.AcceptableWorkload (AWL)

To ascertain whether the operations selected for the trails
were within the acceptable workload (AWL), the oxygen
upteke in termsof VO, max (%) was computed. Sabgal.
(1979)reported tha85% of maximum oxygen uptake (also
called maximum aerobic capacity VO, max) can be
taken as the acceptable work load (AWL) for Indian
workers whichis endorsedy Nageta, 1980and Nag and
Chatterjee, 1981. The oxygen uptake corresponigirije

76 of 78




International Journal of Scientific Engineering and Research (IJSER)

www.ijser.in
ISSN (Online): 2347-3878, Impact Factor (2014): 3.05

computed maximum heart raia the calibration chart
gives the maximum aerobic capacity (V@ax).

Each subjects maximum heart rate was estimbiedhe
following relationship (Bridger, 1995).

Maximum heart rate (beats rifin= 200 - 0.65¢ Age in
years

The mean oxygen uptake termsof maximum aerobic
capacity was calculated aitdwas 41%and the value was
above the acceptable linof 35% of VO, max indicating
that the modified poer paddy weedeis could notbe
operated continuously for 8 hours without frequent rest-
pauses.

3.4. Overall discomfort rating (ODR)

Mean overall discomfort ratingon a 10 point visual
analogue discomfort scale ( Be discomfort,10- extreme
discomfort ) was 4.0 and scalext " More than Light
discomfort" during weeding whil@ was 5.0 and scaleds
“ Mo d eDri astceo tefore modification.

3.5. Body part discomfort score (BPDS)

The majority of discomfort was experienceid the left
shoulder, right shoulder, left wrist, right wrist, left arm and
right arm region for all the subjects during weeding and the
body part discomfort scoref subjects during weeding with
modified power weedeawras 21.5.

3.6. Limit of continuous performance (LCP)

The work pulse 4 HR) was 31 beats nifnand it was
within the limit of continuous performancef 40 beats

mint.

3.7. Work rest cycle

For every strenuous worik any field requires adequate
restto havean optimum work out put. Better performance
results can be expected from both the operator and the
worker only when proper attentida given for the work
rest schedule for different operations.

The actual rest time taken feachsubject was found from
the heart rate response cureésespective operations. The
rest time was measured from the ceaiSthe operatiortill

the heart ratef the subject reaches resting level. The rest
time taken was averagdd arrive at the mean value for
power weeder.

The rest pauseo the subject was calculated using the
following formulaasgivenby Pheasant (1991):

Where.

R = Resting time (min)
T = Total working time/day (min)
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E = Energy expenditure during working task (kcal/min)

A = Average levelof energy expenditure considered
acceptable (kcal/min)

B = Energy expenditure during rest (kcal/min)

Average levebf energy expenditure considered acceptable
was 4 kcal miit (Murrel, 1965.

Rest pause was calculated using the above formsla
all the subjects operated continuously for 8 min
peiod and it was found that 5 min rest coulde
providedto operator who was engagé@doperating the
equipment. The rest period calculated was aiso
agreemento the recovery heart ratef operatorIf two
operators are engaged with a machimehift, it could
be operated for day-long work.

4. Conclusions

The blade systerof existing power weeder was modified
into helical blades for avoiding entanglin§the weedsn

the blade unit and was ergonomically evaluaegarming
Systems Research Stati@glanandapuram, Kottarakkara,
Kerala for weedingin dry land cultivation. The
physiological cost was found out and the mean working
heart rateof operator was (2 beats miit. The operation
was grade@ds“ Mo d e rHeavy The work pulsef the
modified power weederis within the limit of continuous
performancef 40 beats mift. The oxygen uptakia terms

of VO, max was above the acceptable liofiB5%of VO,
max indicating that the power weedeas could notbe
operated continuously for 8 hours without frequent rest-
pauseslt is suggested that two operators niengagedn
shift for a day long work with power weeder. The weeding
index was foundto be 85%. Mean overall discomfort
rating on a 10 point visual analogue discomfort scale (O-
no discomfort,10- extreme discomfort) was.@and scaled
as "More than Light discomfort". Shoulder and arm wrist
regions are concerned areef discomfort for operating
power weeder. Thehuman energy expenditure was
reducedo the tuneof 36% after modification.
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