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Abstract
The design parameters of a mechanical carrovebtar were determined by conducting
experiments on a test set-up having provision ty dasign variables. Three lengths of soil sepasaf¢0, 60 and
80 cm), three rake angles (15°, 25° and 35°) weskevaluated at three soil separators angled.(0°and 20°) on
the test set-up at an optimum soil moisture coraéa®? per cent. Performance parameters like p&gerof carrots
harvested, percentage of carrots damaged, soifegépaindex and power requirement were measureddasign
values of different components were determined. Mbh&mum percentage of carrots harvesting of 9@rdcpnt at
60 cm length of soil separator, rake angle of 25d 20° angle of soil separator. Minimum percentafyearrots
damage of 4.87 per cent was obtained at 40 cmHeafysoil separator and 20° soil separator angberdads
damaged obtained in the range of 4.63 to 4.97 @er lmetween 25° and 35° rake angle. The soil séparadex
was most affected by length and angle of soil separA minimum soil separation index of 0.23 candbtained at
80 cm and 20° of length and angle of soil separatspectively. An average power requirement feraperation of

4-

carrot harvester at a speed of 2.3 km/h was 4.84arkd 5.75 kW at 15°, 25° and 35° of rake angle.

Keywords:. carrot harvester; design parameters; farm mechiamizaake angle; soil separation.

Introduction

India has achieved annual growth rate of 2.6
per cent in total vegetable production has been
recorded during the last 10 years, the averagd yiel
vegetables in India is still lower than many Asian
countries. In addition to the demand for local
consumption, there is an increased demand of
vegetables as one of the most potential commodities
for exports (Kalloo, 1998). Vegetables are highly
perishable and need harvesting within a narrow time
span, along with careful handling and proper sterag
before consumption or processing. In general, the
farmers use traditional tools and methods for
cultivation of vegetable crops (Srivastawt.al
2009). For root crops like carrots, on an average,
about 350 — 400 man-hours are required for digging
and pulling out in one hectare area. Besides the
quantum of labour, manual harvesting involves
considerable drudgery and human discomfort. The
labour has to stoop forward while digging/pulling
carrot from the bed and also during picking up.
Stooping posture results in a lot of bio-mechanical
stresses in the back and has higher energy
consumption as compared to other working positions

(Hagenet.al, 1993). Continuous use of bare hands
for pulling out carrots may cause bruises on hands
leading to infection. Both stooping and squatting
working positions are not ergonomic and therefore
carrot harvesting operation involves considerable
human drudgery. In traditional method of harvesting
the yields are low, cost of cultivation is high and
there were huge loses ranging between 30-40 per cen
of the total produce due to damage caused during
harvesting, handling, storage, transport and
processing (Srivastava, 2000). Hence, successful
harvest mechanization requires a systematic approac
and involves the integrated efforts of engineelantp
breeders, plant physiologists, food scientists and
others to develop technology for quality output and
higher profits. Mechanical harvesting of carrotais
real challenge and truly an inter disciplinary pgewb.

The design parameters of any root or tuber
crop harvester effects the performance of the
machine. Generally the root harvester consists of
digging blade and a soil separator. The tool gepmet
of the blade effects the digging efficiency of the
harvester and draft required. The tool geometry
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governs by rake angle of the blade and frictionleng
of the soil (Agbetoye, 1998). This allows the desig
of simple tools on the basis of their draft force
requirements and their soil cutting efficiency. The
specific draft force per unit soil area and degoée
soil loosening were observed to increase with inedat
narrowness of the tillage blades and with rake engl
(McKyes and Desir, 1984, Ahaneku et.al., 2008). The
draft increases with width, depth and rake angle of
the tool. the cross-sectional area of the soiludixd

did not change appreciably with rake angle, but
significant increase in draft with angle resulted i
markedly diminished soil cutting efficiency (Saleh
et.al,, 1997). The best implement design for low
draft, high cutting efficiency and superior soil
loosening should have rake angle of about 30° and
should be fairly narrow with depth to width ratib2

or more (McKyes and Maswaure, 1997). The convex
type blades with 20° rake angle performed betten th
the concave with the total recovery of 87.6 to 83.4
per cent while it was only 77.47 to 82.14 per dent
concave type blade and the depth of operation of
potato digger should be 200 mm in order to avoid
damage and loss of potatoes (Trivedi and Singh,
1975). After digging of the roots crops, the crbysl

to be separated from soil mass and leave on the soi
surface. This soil separation process will depend
upon the length and degree of inclination of soil
separator with ground surface. In case of gravity
separator for separating clods from peanuts in the
field, showed that with slope of 16° of the mesh,be
conveyor velocity of 0.44 meters per second, the
separation effectiveness obtained was 98.6 per cent
and peanut recovery was 99.1 percent (Feller et.al.
1981). The width and pitch of conveyor, inclined at
18°, were 58 cm and 30 mm, respectively in case of
potato digger showed, at slow forward speed or at
higher conveyor speed there is better soil semarati
(Singh and Pandey, 1981). No information is
available on mechanical harvesting of carrots on
design and operational parameters and power
consumption. The objective of this paper is to
determine design values of carrot harvester by
conducting experiments on a test set-up specially
made for this purpose.

Materialsand M ethods

The desired functions of carrot harvester are
to dig and lift the carrots and soil mass; sepasaie
mass from carrots, leaving them over soil surface f
collection with minimum damage to crop. There are
two basic components in carrot harvester, digging
blade and soil separation unit. The different \z#ga
which affect the carrot harvester were rake angle,
length and angle of the soil separator. The digges
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designed for harvesting carrot crop by lifting swl

and carrot without tops from the field with the peff
digging unit and subsequently transferring the same
onto a separating unit where carrots are separated
from the soil through soil separator. After harimgt

the clean carrots are collected manually.

The functional requirements for the design
of harvester were: a) The machine should dig carrot
from the field. b) It should be operated by common
size of tractor available in Indian farm. c) Therots
should be left uncovered over the soil surfacehto t
rear of the tractor and they are picked up manually
with minimum manual requirement. d) The carrot
damage in terms of cut, crush, sliced and bruised
should be as low as possible. €) The carrot shoeild
dug up from the field in such a way that the minimu
volume of soil with carrots. f) It should be simpte
design and construction and efficient in digging
carrots.

The experiments are conducted directly in
the field where the carrots are grown. Before
conducting the experiments the haulms or tops ®f th
carrots are destroyed 3 — 6 days before harvebiing
mechanical means. The experimental setup with
above components was used to determine the
optimum machine parameters for better performance
of the harvester at optimized moisture content. The
experiments were conducted as per plaable 1.
The tests were conducted on the experimental farm i
Division of Agricultural Engineering, .LA.R.l, New
Delhi taking cultivar ‘Nantes’. An area of 75 x 8¢
the test was conducted by varying different machine
parameters like rake angle, length of soil separato
and angle of soil separator at different levels and
replicated thrice. The observations were recorded f
number of carrot harvested, number of carrots
damaged, weight of soil collected with carrots and
power requirement. The data on performance
parameters were analyzed using factorial randomized
block design and statistical parameters were
evaluated using Design Experts and SPSS version
16.0 software.

Table 1: Plan of experiments on test setup

SI.No. | Machine Levels Perfor mance
Variables variables

1 Rake anglg R; =15 i. Percentage
(degree) R, =25 of  carrot

R;=35 harvested

2 Length of| L, =40 i. Percentage
Soil L,=60 of carrots
Separator | Lz =80 damaged
(cm) i. Soll

3 Angle of| A;=0 separation
Soll A, =10 index
Separator | Az =20 v. Power
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(degree) requirement

(kW)

Results and Discussion

The performance parameters of the test set
up of carrot harvester was evaluated at a fixetl soi
moisture content of 12 per cent for three different
rake angles of 15° 25° and 35° at three soil
separator lengths of 40, 60 and 80 cm and at three
angle of soil separator with horizontal surface&f
10° and 20°.

a) Percentage of carrot harvested

All three lengths of soil separator gave
comparable performance at given rake angle and
angle of soil separator Fig 1. The percentage wbta
harvested increased initially with increase in rake
angle and later decreased marginally. The average
maximum carrot harvesting percentage of 97.79 per
cent was obtained with 60 cm length of soil semarat
followed by 97.66 and 97.27 per cent with 80 and 40
cm length, respectively. In comparative terms, mean
values of length of soil separators are almost Same
60 and 80 cm, whereas in case of 40 cm lengthibf so
separator a marginally lower harvesting percentage
was obtained. The other variables remaining same,
carrot harvesting percentage increased with inereas
in rake angle; at 60 cm length of soil separatbr, i
increased from 96.53 to 97.46 per cent as the rake
angle increased from 15° to 25°. But it remains
comparatively same i.e. 97.3 per cent when rake
angle changes from 25° to 35°. For same soil
separator length and angle of soil separator tiere
increase in the carrot harvested percentage, when
rake angle increased from 15° to 25° and a verjisma
decrease in the harvested value with increasedn th
rake angle from 25° to 35°. The rake angle of 25°
yielded the best percentage of carrot harvestdee T
average percentage of carrot harvested for theHeng
of soil separator with 60 cm at rake angle of 185w
96.4, 96.54 and 96.56 per cent, when angle of
separator was 0°, 10° and 20°, respectively. This
shows a comparatively small increase in carrot
harvested percentage with increase in angle of soil
separator. The influence of soil separator angle wa
less pronounced in all combinations of rake angtk a
length of soil separator. Rake angle influencedotar
harvesting significantly at 1% level of significanc
(Table 2.). Hence, it could be inferred that in the
given range of the variables, highest percentage of
carrots harvested was observed at 25° rake an@le, 6
cm length of soil separator and 20° of soil semarat
angle. The pair wise comparison of influence of
length of soil separator and rake angle on carrot
harvesting percentage indicated that the 60 cm gave
higher harvesting percentage in comparison to other
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two lengths and 25° rake angle was observed higher
harvesting percentage than other two levels of rake
angles as the mean difference was found positive fo
both variables in pair wise comparison at 5 pert cen
level of significance. Hence, it could be inferrtbeht
in the given range of the variables, highest paeggn
of carrots harvested was observed at 25° rake angle
60 cm length of soil separator and 20° of soil
separator angle..

Table 2: Descriptive statistics of percentage of carrot

harvested for different level of variables.

Levels of | Percentage of Coefficient

variables | carrot harvested of variation | F -
(%) (%) Value
Range | Mean

Length of soil separator (cm)

40 96.40 | 97.07 | 0.47

60 96.53 | 97.18 | 0.46 0.76

80 96.95 | 97.11 | 0.12

Rake angle (degree)

15 96.40 | 96.69 | 0.23

25 97.18 | 97.4 0.22 11.3*

35 97.18 | 97.29 | 0.08

Angle of soil separator (degree)

0 96.40 | 97.03 | 0.36

10 96.54 | 97.12 | 0.34 0.18

20 96.86 | 97.21 | 0.43

** significant at 1% level of significance

RAKE ANGLE (degree) RAKE ANGLE (degree)

RAKE ANGLE (degree)

Fig 1. Effect of different variableson carrot harvesting
b) Percentage of carrots damaged

The percentage of carrot damaged increased
with increase in length of soil separator and
decreased with increase in rake angle and soll
separator angle (Fig 2). The average percentage of
carrots damaged with 40, 60 and 80 cm length df soi
separator was observed as 4.87, 5.44 and 5.51 per
cent with corresponding coefficient of variation of
16.83, 14.7 and 12.5 per cent, respectively (T8hle
The damage percentage in case of 40 cm soll
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separator length was found lower due to less travel
time of carrots with soil, which reduces the dansage
of carrots due to friction with soil mass. Carrots
damage percentage decreased with increase in rake
angle; at 80 cm length and 0° angle of soil separat
it decreased from 6.57 to 5.41 per cent as the rake
angle increased from 15° to 25°. But it remains
comparatively same i.e. 5.11 per cent when rake
angle changes from 25° to 35°. The rake angle &f 35
yielded the best percentage of carrot harvested but
there is no large difference when compared to 25°.
The average percentage of carrot damaged for the
length of soil separator with 60 cm at rake andle o
15° was 6.86, 6.48 and 5.89 per cent, when angle of
separator was 0°, 10° and 20°, respectively. This
shows a comparatively decrease in carrot damage
percentage with increase in angle of soil separator
The pair wise comparison of influence of soil
separator length and rake angle on percentage of
carrots damaged indicated that lower damage
percentage was observed at 40 cm in comparison to
damage percentage obtained at other two levels of
soil separator lengths and 35° of rake angle was
observed lower damage percentage than other two
levels of rake angles, pair wise comparison was
significant at 5 per cent level of significance eféis
no much difference in the carrot damage percentage
between 25° and 35° of rake angle.
Table 3: Descriptive statistics of percentage of carrots
damaged for different level of variables.

Levels of | Percentage of Coefficient

variables | carrot harvested of variation | F -
(%) (%) Value
Range | Mean

Length of soil separator (cm)

40 3.09 —| 4.87 16.83

60 445 —| 5.44 14.7 2.18

80 486 —| 5.51 12.5

Rake angle (degree)

15 5.54 —| 6.86 6.25

25 4.35 —| 4.94 7.48 42.74%*

35 3.99 —| 4.63 8.42

Angle of soil separator (degree)

0 423 —-| 55 12.8

10 431 —-| 5.3 12.03 0.98

20 3.99 —| 5.02 11.8

** significant at 1% level of significance
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Fig. 2. Effect of different variableson carrots damage
c) Soil separation index

After digging of carrots the soil was to be
separated from carrots with the help of soil sefraga
unit. To measure the efficiency of the carrot hatee
to separate the soil, soil separation index waseef
For better separation of soil from carrots the gaifi
soil separation index should be minimum. Soil
separation index is a function of moisture contard
travel time of soil over soil separator. Travel ¢irof
soil is further depends upon length of soil semarat
and angle of soil separator with horizontal surface

The soil separation index increased initially
with increase in length of soil separator and later
remained almost same (Fig 3). The average minimum
soil separation index of 0.21 was obtained with 60
cm length of soil separator followed by 0.22 ar260.
with 80 and 40 cm length, respectively. The average
soil separation index were very closely distribufed
two levels of soil separators length, the meanes&lu
of separation index were 0.22 and 0.23 for 60 &hd 8
cm length of soil separators, respectively. Thersefo
it could be inferred that, 60 and 80 cm lengthsaif
separator can be used for effective soil separation
Soil separation index increased from 0.23 to 0.26 a
the rake angle increased from 25° to 35°. But it
remains same i.e.0.23 when rake angle changes from
15° to 25°. However, in case of other two lengths o
soil separators i.e. 40 and 80 cm, same pattern was
observed. Based on mean values, the soil separation
index at 15° and 25° did not vary much for botherak
angles. But there is increase in separation index a
35° rake angle i.e.0.26 compared to other two &evel
The soil separation index decreased with increase i
soil separator angle, it decreased from 0.32 t6 82
the soil separation index increased from 0° to &0°
40 cm length of soil separator. The average soil
separation index for the length of soil separatiih w
60 cm at rake angle of 15° was 0.24, 0.23 and 0.22
per cent, when angle of separator was 0°, 10° and
20°, respectively. The influence of soil separator
angle was more pronounced in all combinations of
rake angle and length of soil separator. The lenfth
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soil separator and angle of soil separator was
effecting soil separation process significanthyl gter
cent level of significance. The pair wise compatiso
of influence of length and angle of soil separator
indicated that the 60 cm gave lowest soil separatio
index in comparison to other two lengths and 20°
angle of soil separator observed higher soil seioara
than other two levels of soil separator angle &s th
mean difference was found negative for it in pair
wise comparison at 5 per cent level of significance
The length of soil separator influenced soil sefiana
index most, followed by soil separator angle as
indicated by F-values (Table 4). Hence, it could be
inferred that in the given range of the variables,
lowest soil separation index was observed at 2&8 ra
angle, 60 cm length of soil separator and 20° @df so
separator angle.

Table 4: Descriptive statistics of soil separation index

for different level of variables.

Levels Percentage of Coefficient
of carrot of F - Value
variables| harvested variation
(%) (%)
Range| Mean
Length of soil separator (cm)
40 0.26 —-{ 0.29 | 9.3
60 0.21 —| 0.23 | 6.08 234.74**
80 0.21 —{ 0.23 | 6.52
Rake angle (degree)
15 0.21 —{ 0.24 | 14.63
25 0.21 - 0.24 | 14.11 1.52
35 0.22 —| 0.26 | 12.6
Angle of soil separator (degree)
0 0.23 —| 0.27 | 148
10 0.22 - 0.25 | 124 134.04**
20 0.21 —{ 0.23 | 29.8
* significarit at 1% level of significance
e T e
o e .

SOILSEPARATION INDEX
5 3
2
H
5 z
” ]
8
H
& g

RAKE ANGLE (deree)

Fig. 3. Effect of different variableson soil separation
index
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d) Power requirement

Power is the main constraint for any digging
operation. Power requirement will depend upon the
depth of operation, soil metal friction and tool
geometry. The power requirement increased
with increase in rake angle and very small change
with increase in length and angle of soil separator
The average power requirement at 15°, 25° and 35°
rake angle was 4.44, 53 and 5.57 kW with
coefficient of variation 3.55, 4.38 and 2.51 pentce
respectively (Table 5). The power requirement in
case of 15° rake angle was least followed by 25F an
35°. The power requirement was almost same at three
selected levels of angle of soil separator. Theage
power consumption was found 5.19, 5.07 and 4.96
kW which are almost same at soil separator angle of
0°, 10° and 20° with coefficient of variation 9%,/
and 8.9 per cent, respectively. Similarly, for eiffnt
length of soil separator the power required is @mo
same i.e. 5.04, 5.1 and 5.12 kW with coefficient of
variation 10.7, 8.6 and 10.3 per cent, at 40, GD&Mh
cm length

Table5: Descriptive statistics of power requirement
(kW) for different level of variables.

Levels of | Percentage of Coefficient

variables | carrot harvested of variation | F -
(%) (%) Value
Range | Mean

Length of soil separator (cm)

40 4.29 —| 5.04 10.7

60 445 - 5.1 8.6 0.32

80 422 - 5.12 10.3

Rake angle (degree)

15 422 —| 4.44 3.55

25 5.05 —| 5.3 4.38 27.09**

35 5.36 —| 5.57 2,51

Angle of soil separator (degree)

0 451 —| 5.19 9.6

10 4.34 —| 5.07 8.7 0.49

20 4.22 —| 4.96 8.9

** significant at 1% level of significance
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Fig. 4 Effect of different variableson power
requirement (kW).

The pair wise comparison of influence of
rake angle on power requirement indicated thabat 1
rake angle lower power requirement was observed
compared to other levels. In addition, at 60 cm and
20° of length and angle of soil separator, power
requirement was not much different to the one
obtained at other levels of length and angle of soi
separator. The rake angle influenced power
requirement significantly at 1 per cent level of
significance, as indicated by F-values. Other facto
did not influence the power requirement.

Conclusions

= The mechanical carrot harvester gave an
average maximum percentage of carrots
harvesting of 97.18, 97.4 and 97.21 per cent
at 60 cm length of soil separator, rake angle
of 25° and 20° angle of soil separator,
respectively.

= The average minimum percentage of carrots
damage of 4.87 per cent was obtained at 40
cm length of soil separator and 5.02 per cent
at 20° soil separator angle. Carrots damaged
obtained in the range of 4.63 to 4.97 per cent
between 25° and 35° rake angle.

= Soil separation was maximum at average
minimum soil separation index of 0.24 was
obtained at all rake angles and 0.23 when
angle of soil separator was at 20° with
horizontal surface. Soil average soil
separation index is obtained same for both
60 and 80 cm length of soil separator.

= Power requirement is very less effected by
length and angle of soil separator, so any of
the levels can be considered. As the rake
angle increases, power requirement
increased. An average power requirement
was 4.44, 5.3 and 5.75 kW at 15°, 25° and
35° of rake angle.

=  Overall, 60 cm length of soil separator, 25°
of rake angle and 20° of soil separator angle
was considered for efficient carrot
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harvesting at 12 per cent optimum moisture
content.
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