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Abstract
The influence of the selected lel'el

of variables of three levels of blades

tlrz. 2,3 and 4)" lbur levels of Pe-

ripheral relocitv li iz. 11.52" 2i 80'

16.58 and 28.60 ms-l), three levels of
blade thickness (viz. 2,4 and 6 mm)

ancl fbur levels of blade rake angle

rr iz. 0. 15. 30 and'15 deg) on shred-

cling etliciency ol an experimental

!-otton staik shredder, in terms ol
length ol cut of cottoll stalk, r'vas

Lnvestigated. Increase in periph-

r'ral velocity tiom 21.52 to 28'6t)

ms'r resltlted in decreased length of

:Lrt. The lowest value of length ol
!-ut \\'as 113.83 mnl with 2 blades.

I cleg blade rake angle and 28'60

ns I peripheral veiocity. At 0 deg

..rade rake angle, the length of cut

-.i shredded cotton stalk was much

Lr\\'er than other blade rake angles

,,i 6 mm blade thickness lncrease

:r ltr-rtrber ol blades fiom 2 to '1 re-

sulted in increased length of cut tbr

all the levels oibiade rake angle ln-

crease in blade rake angle lrolr 0 to

45 deg resulted in increased length

ol cut for al1 levels of PeriPheral
velocity and nut.nber ol hlades Tu'o

blades with 0' biade lake angle. 6

mr, blade rhickness and lS.o0 ms'

peripheral velocitl recorded the

lorvest vallte ol length of cut.

lntroduction
One of the difficulties in cotton

procluction is the need to ciear the

ground from old cotton plants after

harvesting. Only rnanual uprooting

or cutting the stalks are fbllorved,

which is highlY labour intensive

Some farmers r'rsed repeated heavy

disking to cut the cotton stalk and

cover it with soil. Incorporation of
cotton stalks into the soil ensures

rapid decomPosition The most

rapid decomPosition occurs when

residr,re is placed 10 crn deep. Shred-

cling stalks as finely as possible also

allorr s lbr rapid decornposition'
Hence. the type of shredding mech-

anism should be selected based on

the efTiciency in terms of finished

dimensions of the stalk required for

incorporation in the soil to facilitate

quick decomposition. A rotary cut-

ter is an imPlement in the mecha-

nization chain ol crop production'

After harvesting the crop' these ma-

chines cut the stalk and distribute

them on the field surface. The rotary

cutter consists ol blades Pivoted
horizontally on a vertical shaft and

moves tbru'ard on the fie1d. RotarY
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cLllters are generally used in shred-
ding crop stalks. They are siraple
and str-Lrdv in construction, rvith less
u'earing parts and" therefbre, the
l'rictional po\\ er loss is minimurn
(Guzel and Zeren, 1990). Hence. an
ir.npact type 1'otary blade shredder
\\ as \clcctcd lor inr estir:atiorr.

Review of Literature
Gr-rzel and Zeren (1990) suggested

that a rotary cutter is an implement
in the mechanization chain of cot-
ton production. Alter harvesting
the cotton- these machitres cut the
cotton stalk and distribute thent on
the held surf'ace. Rider and Barr
(1976) reported that the unilbrmity
ot cut and cutting efliciencl, de-
pended upon the shape ol the rotat-
ing knir.es. Specially shaped knives
were used in forage harvesters. The
rrumher ol krriie.. lor a gircn cut-
ter head diarneter" determined the
amount ol space betu,een knives
fbr material to florv in and out dur-
ing the operation. The cr-Ltting an_qle

\{'as alr important design lactor in
the knit'e shape. The cutting angle
ivas defined as the angle between
the beveled edge of the knife, which
needed the crop entering the cut-
ter: head. and inside the surface of
the knife. A smaller cutting angle
provided a more unilorm cut. but
a larger angle increased knile
strength. A comprorlise angle ol 30
to 45 deg is conrmonly used.

Chattopadhyay and Pande-v (1999)
suggested that the rrrinirnum crrt-
ting speed increased liom 12.9 to
18.0 msr lor a knife rake angle of
20 to 60 deg. O'Dogherty (1982)
stated that the specific energy \\ras
inversely proportional to the mean
chop length; or the power reqr.rired
to cut lbrage n:raterial u,as inversely
proportional to chop length for a
given machine throughput. High
energy consumption u,ill result in
short crop lengths.

Materials and Methods
The efirciency of a shredder is the

ability to cut the crops/strau',.sta1k
into very small pieces. The impact
type rotary cutter performance
depends rnainlv on the design ol
rotating blades. Many factors are ir.t-
volved in rotary cutter desien. Tile
most significant f-eatures of- the ro-
tating blades are number of blades.
peripheral r.elocity" thickness and
rake angle. It is evident that the
variables (viz. number of blades. r e-

locit1, of blade, blade thickness anrl
rake angle) have a profound effect
trn the:hreddirrg efficierrcr irr rerr.r.
of finished dimensions of shredclc.d
pieecs. For achiei ing rrrarirnurrr
shredding efficiency of cotton stalk-<

the tbllolving variables were select-
ed tbr the investigation.

I. Number of blades
2. Peripheral velocity
3. tslade thickness
21. Rake angle
The perfbrmance ol the shledder

is assumed to be optimum u,hen the
cutting and shredcling ol the staiks
results in small pieces.

Effect of Selected Levels of \rari-
ables on Length of Cut

A total number of 432 experi-
illents were conducted using the er-
perirnerrtul set up. The inrestrqation
was carried out with three letels oi'
number ol blades (viz. 2.3 and -1 r.

four 1evels of peripheral velocitr
(viz. 21.52.23.80, 26.5E and lE 6it
ms'r). three levels of- blade thickness
(vtz.2. zl and 6 mm) and fbur 1c'rels

of blade rake angle (viz. 0. )5. ,10

and 45 deg). The moisture conrent
ol the cotton stalks u,as maintained
constant (95.30 percent drr, basisr
thror-rghout all erperiments. The
values o1' finished dimensions ot-

cotton stalks in terms ol lensth of
cut were recorded fbr all treatnrents.
The effect of selected levels of r-ari-
ables on finished dimensions ol the
cotton stalk in terms of lensth of cut
was analyzed.

Results and Discussion
Effect ofSelected Variables on
Length of Cut

Effect ofPeripheral Velocity on
Length of Cut for 2 Mm Thickness
(r)

The relationship between the
length of cut and the peripheral ve-
locity for the 2 mm blade thickness
for different levels ofblade rake an-

-sle and number of blades is depicted
in Fig. 1.

An increase in peripheral velocitr
from 27.52 to 28.60 ms-l resulted in
decreased length of cut. The above
result rvas in conformity with the
findinss of Manjeet Singh et al
(1998). The lowest value of length
of cut u'as observed at the shredde:
q-ith 2 (N1) blades and 28.60 ms
(S.) peripheral velocity.

Effect of Peripheral Velocity or:

Length of Cut ut 4 Mm Thicknes:
(r)

An increase in peripheral velocit.
from S, to S+ resulted in decrease:
len-sth of cut for 2,3 and 4 blade,
(Fig.2).

Effect of Peripheral Velocir
on Length of Cut at 6 Mm Blari.
Thickness (Tj)

An increase in peripheral veloci.
from 21.52 to 28.60 ms-r resulted
decreased length of cut. The abo',

result u'as in conformity with r:
findings of Manjeet Singh er .

(1998). The lowest value of length
cut of 113.83 mm was at the shre,
der with 2 biades, 0 deg blade ra,
angle and 28.60 ms-l peripheral ',,

locity (Fig. 3).

-\ r.r deg blade rake angle and
Ier e1 ot- peripheral r,elocity c,

binirtlon recorded low'est va1u.
lensth ot'ct-lt \\,hen compared ,

other cor.nbinations. In the cas,
nr-rnrber of blades. 2 blades u ,

deg blade rake angle and 28.6(.)

peripheral r,elocity recorded 1o

r.'alr-Le ol length ol cut. lncreas
blade rake angle liom 0 to 4-'
resulted in increased length c

tbr all the Ievels of peripheral r .

ity and number of blades.
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Stttisticql Analysis and Math-
etnatical Modeling

The analysis of variance for the
.Lrfque requirement to shred the cot-
irr11 stalk is furnished in Table 1. A11

the interaction effects were signifi-
,-ant at the one percent level.

Regression Equation for Length
oJ Cut

The multiple linear regression

equation fitted for the length of cut
in shredding cotton stalk is given
below.

Y - 252.070 + 8.311.. Xt - 0.1.. X,
3.d. x3 +1.507r'x|

N :0.71.-
R: hdlttsred for DF) - 0.70..
-- 

Significant at 1 percent level
The R-square value of 0.71 was

significant at the one percent level

of probability, which showed that
a unit increase in X1 (number ol
blades) ceteris paribus would result
in an increase of 8.341 units of Y. a
unit increase in X, (peripheral ve-
locity) ceteris paribus would result
in decrease of 0.1 units of Y. a unit
increase in X; (blade thickness) cet-
eris paribus would result in decrease

ol- 3.6 units o[ Y, where as a unit

Fig. 2 Effect of peripheral velocity on length of cut at 4 mm
blade thickness (T,)

Blade rake angle 0 deg

Blade rake angle 15 deg

Blade rake angle 30 deg

26 28 30

Blade rake angle 45 deg

Fig. I Effect of peripheral velocity on Length of crLt at 2 mm
blade thickness (T1)
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increase in Xa (blade rake angle)
ceteris paribus would result in an
increase of 1.507 units of y.

Optimization of Variables for Cot-
ton Stalk Shredder

The selected level of variables
have to be optimized for achieving
the maximum shredding efficiency

rellected in terms of minimum
length of cut ol shredded cotton
stalk. The iowest mean values ol
torque. energy required to shred
cotton stalk and length ol cut fbr
dilferent interaction ol the selected
level ofvariables are analyzed.

It was observed that the combina-
tion of N,SJ,0, resulted in the lorv-

est length of cut of shredded cotton
stalk of 101.00 mm.

Conclusions

Influence of the selected level of
variables on shredding efficiency
in terms of length of cut of shred-
ded cotton stalk was investigated.
Increase in peripheral velocity from
21.52 to 28.60 ms-l resulted in de-
creased length of cut. The lowest
value of length of cut of 113.83 mm
was obsen.ed at the shredder with 2
blades, 0 deg blade rake angle and
28.60 ms-l peripheral velocity. At
0 deg blade rake angle, the length
of cut of shredded cotton stalk was
much los'er than other blade rake
angles at 6 mm blade thickness.
Increase in number of blades frorr
2 to 4 resulted in increased length
of cut for all the levels of blade
rake ansle. Increase in blade rake
angle from 0 to 45 deg resulted ir.
increased length of cut for all the
levels of peripheral velocity anc
number of blades. For achievin:
maximum shredding efficiency, th;
combination of 2 blades, 28.60 ms
peripherai velocity, 6 mm blad;
thickness and 0 deg blade rake angl.
was selected.
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