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mABSTRACT : Manual picking of cottoniscommonly doneinIndiaand it isnot only tediousand
labour consuming but al so costlier than other agricultural operations. Machinepicking is, therefore,
considered to beviable in minimizing the drudgery involved in hand picking and reducing the cost
of cotton picking. The present investigation was undertaken to study the mechanism of picking
cotton by the rotating spindles. The spindles were fabricated with the materials selected for the
study and they were evaluated for their performance in picking cotton from bolls under laboratory
conditions. The spindles were evaluated with the help of the test rig developed for the purpose
and the different parameters were recorded. The trash content in the picked cotton ranged from 0
to 74.96 per cent for the selected varieties. The trash content was observed to be minimum with
hylum spindlefor all the varieties. Thetrash content was minimum upto the speed of 2000 rpm and
increased greatly with the increase in speed of rotation of 2500 rpm and higher speeds. The trash
content was minimum at higher level of moisture. The surface texture of the spindles did not show
any particular trend of increase or decrease of trash content. The laboratory trials of the spindles
revealed that, the hylum spindle of tapered shape with grooves and knurl gave better performance
astrash content in the picked cotton was minimum. The speed of rotation within the range of 1000
to 2500 rpm was found to be better in which the trash content was minimum.
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picking. Manual pickingisnot only tedious and |abour
consuming but also costlier than other agricultura
operations. In recent years it has been observed that
labour availability is scarce during peak periods of cotton
harvesting. The use of mechanical picking by machine
is, therefore, congdered to beaviable optioninminimizing
the drudgery involved in hand picking (Kepner et al.,
1978 and Smith, 1964).
Indiaranksthirdintheworldin production of cotton

I n Indiaharvesting of cotton isdone manually by hand

crop. Cotton is being cultivated in three distinct agro-
climatic zones namely; North Zone comprising of Punjab,
Haryana and Rajasthan, Central Zone comprising of
Maharashtra, Gujarat and Madhya Pradesh and South
Zone comprising of Tamil Nadu, Karnataka and Andhra
Pradesh.

As per the available reports, the research on
mechanical picking or cotton pickers are very meagre
or noinformationisavailablein India. Consequently this
area of research and development needs immediate
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attention of researchers for development of suitable
mechanical pickers. As the biological scientists are
gearing upto devel op suitable cotton varietieswhich are
amenable to mechanical picking, it is necessary to
devel op/ identify amechanical picker suitablefor cotton
crop cultivated in Indian conditions.

Mechanical cotton pickersare selectivein picking
and in this system the seed cotton is removed/picked
from the open bolls, where as green and un open bolls
areleft onthe plant itself to maturefor later pickings,
while strippers on the other hand are once-over
machines. All bolls whether open or closed are
removed from the plant in a single pass. Chemical
defoliants and desiccants are usually applied to
facilitate harvesting.

By keeping these factorsin view, an attempt has
been made to identify crop machine and operational
variables which influence on the picking mechanism
of the cotton pickersand to devel op the picking spindles
and to conduct exhaustivetrialsusing different spindles
for picking cotton under variable conditions and their
suitability for different varieties grown intheregion.

B METHODOLOGY

The present investigation was undertaken to study
themechanisminvolved in picking of cotton by therotating
spindles. The biometric parameters of the selected
varieties of cotton crop were noted down which are
useful for development of test rig. The criteriaadopted
for development of spindles of different materials,
development, fabrication and working of the test rig
are explained. The details of the tests conducted for
the measurement of performance parameters are al'so
given.

M echanics of picking:

The basic principle of the revolving spindle is
penetrating through the cotton plant, winding the seed
cotton from the open boll and retracting to adoffing zone,
which is employed by all the commercial pickers now
available. Therearward movement of the spindles, while
in the picking zone is substantially the same as the
forward movement of the machine, generally 3.2t0 5.6
km/hr, so that the spindle while in the picking zone, do
not moveforward or backward with respect to the cotton
plant.

The spindles are carried either on barsarranged in
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vertical drumsor on vertical slatsattached totheendless
chain belts. Tapered spindles are commonly employed
on drumtype pickersand have threeto four longitudinal
rows of sharp barbs or grooves for engaging the cotton.
Thetapered shape facilitates easy removal of the cotton
(doffing) after they leave the picking zone. Spindle speeds
range from 1850rpm at a forward speed of 2.9km/h to
3250rpm at 5.0knvh.

Biometric parameters of test crop:

The measurement of biometric parameters of cotton
crop helpsin fixing the optimum dimensions of the test
rig tofacilitate the movement of the spindlein horizontal,
vertical and transverse directions to pick the cotton
fromthebolls. The details of cotton crop with respect
to selection of varieties, procedure for measurement
of various physical parameters are discussed in this
section.

Selection of varieties:

The cotton crop presently grown by the farmers of
the region are mainly Bt cotton varieties and a few
hybrids. The selection of cotton crop varieties for the
study was done by keeping in view thedifferent varieties
grownintheregion. Three predominantly grown varieties
of cotton crop were selected from within the Bt cotton
and hybrid varietiesgrown intheregion.

Size of spindles:

The dimensions of spindles were decided by
considering the size of spindlesavail able ontheexisting
cotton pickers.

Development of test rig for evaluation of picker
spindles:

A laboratory test rig was devel oped to facilitatefor
testing the performance of spindlesat different peripheral
speeds. Thetest rig devel oped had the provision to move
thespindleinall threedirectionsi.e., horizonta, vertical
and transverse directions. The test rig was fabricated
by using standard fabrication techniques. Two variable
speed dc motors were selected, one for rotating the
spindle at different speeds and the other to move the
spindlein al three directions. Thetest rig was mounted
on a table attached to a pedestal. The test rig can be
moved up and down along with the table by rotating the
handle.
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Selection of variables of study:

Theevaluation of the picking spindleswerecarried
out by taking into consideration the different i ndependent
variables. The working of the spindles under variable
conditions influenced the different parameters, these
parameters were considered as dependent variables.

Independent variables:

Material type 4levels
— Mild steel M,

— Aluminum M,

- Nylon M,

- Hylum M,
Surface texture 3levels
— Tapered plain S

— Tapered with grooves S,

— Tapered with grooves and knurl S,
Spindle speed S5levels
—1000 rpm N,

- 1500 rpm N,
—2000 rpm N,
—2500 rpm N,
—3000 rpm N
Moisture content 3levels
-25-35% mc,
-35-45% mc,
-45-55% mc,
Varieties 3levels
— NHH-44

— NCH-145

- RCH-2

Replications 3

Dependent variables
— Weight of trash, g

M easurement techniques for various parameters
of study:

The spindles devel oped for the study wereeval uated
under variable conditions at College of Agricultural
Engineering, Raichur, for their performancewiththe help
of the developed test rig.

Laboratory tests were conducted to evaluate the
performance of selected spindles at three levels of
moisture content and five different spindle speeds. The
trash content was observed and recorded during thetrials.
Themethodol ogy followed is as under.

Spindle speed:

The different types of spindles developed for the
study were rotated by holding them in the chuck of the
variable speed motor inthetest rig. The spindle speedis
recorded as indicated in the digital speed indicator
attached to the test rig. The different speeds required
for the study were obtained by regulating the speed with
the help of adimmer connected to the motor.

Moisture content of cotton:

The moisture content of cotton from each boll was
measured by using adigital moisture meter. The digital
moisture meter was pre calibrated by adopting the
standard procedure. The cotton picked from the boll was
filled in the cup and the ram was pressed against the
cotton in the cup by rotating the handle for required
number of revolutions. The moisture content was noted
ontheindicator panel.

Trash content:

The quality of seed cotton separated from the boll
isanimportant factor from the point of commercial value
of the product. The seed cotton picked by the spindle
was analyzed for impuritiespresent init. Theimpurities
like small sticks, parts of dried |eaves were separated
from the cotton picked by the spindleand termed astrash
content. The trash content was calculated for each
sample collected after picking by each spindle under
variable conditions. The calculation was done by
separating the thrash present in the cotton sample. The
trash content was determined by using the following
formula.

T “"1 X

1 Em:m (1)
where,

T= Trash content, per cent

W. = Weight of the trash separated, ¢

W= Weight of cotton, g.

B RESULTS AND DISCUSSION

The observations on the different parameters were
recorded as per the methodol ogy discussed earlier. The
spindleswere fabricated with the material s selected for
the study and they were evaluated for their performance
under laboratory conditions for picking of cotton from
the bolls. The spindles were evaluated at variable
conditionswith the help of thetest rig devel oped for the
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purpose and the trash content in the cotton picked by
the spindles was observed.

Varieties taken for study:

Selection of cotton varietiesfor the study was done
by keeping in view the different varieties grown in the
region. Three most promising varieties of cotton crop
grown in this region namely NHH-44 a hybrid variety
and NCH-145 and RCH-2 from Bt cotton varietieswere
selected for the study.

Development of picking spindles:

The development of spindles was carried out by
considering variousboll parametersand the spindleswere
fabricated by adopting standard fabrication techniques
and al so by taking into consideration the shape, surface
texture and size of the spindlesavailablein the existing
cotton pickers.

Selection of the materials:

The selection of the material for spindleswasdone
by taking into consideration the machinability aspects,
availability and the cost of the materials. Four types of
material namely mild steel, aluminum, nylon and hylum
were selected for the study.

Selection of surface texture
The shape and surface texture of the spindle were

selected by considering the ease of picking, ease of
doffing, machinability aspects etc. The tapered shape
was commonly adopted for all the materials. Threetypes
of surface textures namely tapered plain, tapered with
grooves and tapered with grooves and knurl, were
selected for study. The surface texture was formed by
adopting standard fabrication techniques.

Size of spindles:

Thesize of spindlewas determined by considering
the spindlesavailable on the existing cotton pickers. The
total length of the spindle is 125 mm out of which the
length of the tapered portionis 75mm. A length of 25mm
on the other side of the spindle is used for holding the
spindle with the chuck for rotating the spindle. The
diameter of the spindle is 10mm at the larger end of the
taper and is 2 mm at the smaller end of the taper.

Development of test rig for evaluation of picking
of cotton by spindles:

The biometric observations of the crop were
considered for the development of test rig. Thetest rig
wasfabricated by using standard fabrication techniques.
Two variable speed dc motors of 0.25 hp were used,
one for rotating the spindle at different speeds and the
other to movethe spindle. A regulator isprovided to vary
the speed of the motor from O to 3000 rpm. An electronic
speed indicator isprovided to display the speed of rotation

Tablel: Percentage of trash under different variablesof the study for NHH-44 variety ‘

. Surface 1000 rpm 1500 rpm ZOQO rpm 2500 rpm 3000 rpm
Material texture Moisture content
L, MC; mC3 MC;  MC; mCz  mMC;  MC;  Mmcg mc; mc; mc; mc; mc; mcs
M1 S 434 000 000 034 000 000 520 191 000 390 251 130 2125 2189 20.88
S, 000 532 000 000 000 000 337 000 000 207 1.95 0.75 2500 2204 20.28
S 000 000 000 053 000 000 201 029 000 163 0.84 012 1919 1379 6.62
M, S 000 000 000 155 000 000 000 000 000 2745 2229 2094 4214 2973 26.82
S 000 000 000 000 000 000 000 000 000 3003 1631 1216 4855 6221 34.21
S 137 000 000 000 000 000 312 000 000 5152 3363 2794 5131 4993 3097
M3 S 000 000 000 350 000 000 516 205 000 1453 5.42 4.00 28.67 2400 1254
S, 000 000 000 000 000 000 318 000 000 387 175 000 3029 1737 1311
S 000 000 000 000 000 000 265 000 000 1450 1163 138 2198 1887 16.9
Mg S 000 000 000 276 000 000 074 000 000 7.08 6.12 359 1391 7.70 3.72
S 000 000 000 000 000 000 039 000 000 742 5.01 063 1210 4.62 4.39
S 0.00 000 000 000 000 000 024 000 000 730 1.89 0.72 8.03 4.48 2.10
Note: M1 - Mild steel Mz— Aluminum M3— Nylon Ms— Hylum
S, - Tapered plain S,— Tapered with grooves S;— Tapered with grooves and knurl

mc,; — Moisture content (2.5 to 3.5), %
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of the spindle. Thetest rigismounted on atable attached
to a pedestal. The test rig can be moved up and down
along with thetabl e by rotating the handle. The height of
the pedestal wasfixed as 125 cm so that it can guidethe
spindletothelevel of the uppermost boll. Thearm of the
table is pivoted to the pedestal so that it can swing at
any angle required. The arm of the table can move
forward upto 75 cmto facilitate the spindle to reach the

boll nearest to the stem. The table can also move in the
transverse directions to reach the bolls at the extreme
ends of the plant.

Evaluation of picking spindles under variable
conditions:

The spindles were evaluated at College of
Agricultural Engineering, Raichur, for their performance

‘TabIeZ: Per centage of trash under different variablesof the study for NCH-145

_ Surface 1000 rpm 1500 rpm ZOQO rpm 2500 rpm 3000 rpm
Material texture M ai sture content
1 MC; mMC;  MC;  MC; MC3 MG MC;  mCs mc, mc; mcs mc, mc; mcs
S 000 000 000 000 000 000 657 533 183 752 5.26 230 3837 3088 2331
M, S 000 000 000 191 071 000 858 254 000 347 2.89 239 3635 27.77 2519
S 235 118 000 000 000 000 461 178 000 202 2.05 136 2669 1777 1153
S 000 000 000 907 000 000 394 368 000 5911 5032 3701 6254 5125 3163
M2 S 000 000 000 000 000 000 497 000 000 3801 3284 279 6998 5915 5152
S 000 000 000 345 000 000 122 000 29 3390 2709 2678 3918 40.60 37.92
S 377 000 000 000 000 000 476 409 000 1941 1670 611 2523 1916 1471
M3 S 000 000 876 000 000 000 501 203 000 508 251 0.87 39.04 3373 2273
S 000 000 000 000 000 000 550 461 000 2787 2505 1512 39.06 3543 3555
S 000 000 487 000 000 000 226 000 000 1438 1039 4.02 1224 759 4.66
My S 000 000 000 o000 788 000 246 068 000 1447 1085 5.50 3071 2691 2542
S 000 000 000 000 000 000 000 0.00 0.00 7.53 6.07 3.78 18.74 13.84 6.04
Note: M1 - Mild stedl Mz— Aluminum M3s— Nylon Ms— Hylum
S, — Tapered plain S,— Tapered with grooves S;— Tapered with grooves and knurl

mc, — Moisture content (2.5 to 3.5), %

mc;— Maisture content (3.5 to 4.5), %

mcs— Moisture content (4.5 t0 5.5), %

Table 3: Percentage of trash under different variables of the study for RCH-2 variety ‘

Surface 1000 rpm 1500 rpm 2000 rpm 2500 rpm 3000 rpm
Material t M oisture content
exture
C1 mcs mcz mcy mcy mcCs Mcy mc; mcs mcCy mc; mcz mcCy mcy mcs
S 0.00 0.00 0.00 214 000 000 1025 769 408 844 715 451 4208 3499 2853
My S 0.00 0.00 000 000 000 000 1580 367 000 467 3.16 237 4541 3754 2947
S; 0.00 0.00 000 1500 000 000 724 451 448 5.39 500 449 3146 2482 1889
S 580 0.00 000 000 587 000 566 5.50 203 6534 5678 4165 6928 6060 31.43
M, S 0.00 0.00 000 000 000 000 630 407 000 4685 3479 2736 749 6820 5824
S; 0.00 0.00 000 000 000 0.00 269 106 000 2968 31.64 3134 4772 4184 34.80
S 0.00 0.00 0.00 6.75 000 0.00 581 2.38 000 2640 1941 1094 3789 2462 2010
M3 S 000 000 1755 000 0.00 000 867 657 000 860 5.68 279 4730 4886 3434
S; 000 1053 000 000 000 000 804 655 503 3771 3257 1972 5840 5304 4211
S 0.00 0.00 000 000 000 0.00 369 274 000 1827 1332 820 1582 935 464
My S 0.00 0.00 000 1132 0.00 0.00 0.00 000 000 358 2.02 0.00 1806 1298 1143
S 0.00 0.00 000 000 000 0.00 3815 3110 1776 1336 915 573 2242 2070 9.77
Note: M1 — Mild stedl Mz— Aluminum M3— Nylon M- Hylum
S, - Tapered plain S,— Tapered with grooves S;— Tapered with grooves and knurl

mc; — Moisture content (2.5 to 3.5), %

mc,— Moisture content (3.5 t0 4.5), %

mc;— Moisture content (4.5t0 5.5), %
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with the help of the test rig, under variable conditions.
Thelaboratory evd uation of the above spindleswere
carried out for three varieties of cotton namely NHH-
44, NCH-145 and RCH-2, at three range of moisture
contents namely 2.50 to 3.50 per cent, 3.50 to 4.50 per
cent and 4.50 to 5.50 per cent and five speeds in the
range of 1000 to 3000 rpm with steps of 500 rpm.

Trash content:

Thetrash content in the pi cked cotton under variable
conditionsispresented in Table 1 to 3. Thetrash content
inthe cotton picked under variable conditionsranged from
0 to 74.96 per cent for the selected varieties. The trash
content was observed to be minimum with hylum spindle
for all the varieties. The speed of rotation greatly
influenced the trash content. The trash content was
minimum upto the speed of 2000 rpm and increased
greatly with theincreasein speed of rotation of 2500rpm
and higher speeds, this is because the cotton wounded
up smoothly with the spindles at lower speed where as
the winding of cotton with the spindles was abrupt at
higher speeds due to which the adjacent trash from the
burswas a so picked with cotton. The moisture content
also influenced the trash content particularly at higher
speeds. The trash content was minimum at higher level
of moisture and maximum at lower moisturelevels, this
is because the burs of the boll were very dry and brittle
at lower moisture content and increased the trash content
particularly at higher speeds dueto the abrupt picking of
cotton by the spindles. The surfacetexture of the spindles
did not show any particular trend in the increase or
decrease of trash content. Similar work related to the
present investigation was also carried out by Corely
(1966); Hesston (1962) and Prasad et al. (2007)

Conclusion:

Theconclusion drawn from the study are; the hylum
spindle tapered with grooves and knurl gave better
performance as the trash content in the picked cotton
were minimum. The speed of rotation below 2500 rpm
was found to be better as the trash content was
minimum. The study helps in getting the basic
information regarding the mechanism of picking with
the spindles under variable conditions of picking. This
helps in building a base for further development of
cotton picker indigenously and also to devel op suitable
varieties of cotton crop for efficient picking of cotton
by machine pickers.
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