Misr J. Ag. Eng. 21 (3): 900-914

. )
STUDYING SOME MECHANICAL FACTORS AFFECTING CHOPPING
SUGAR BEET TOPS INTO SILAGE

Hussein .A.E ., A. O . El Ashhab,, and M. A. Al

SUMMARY
The main objective of the present research is to achieve the effect of,
the effective engineering parameters such as chopper types, cutting
speed, and knife clearance on frequency length of product, power
requirement, chopper cutput and specific energy to save power and get
suitable cut tength to chopped sugar beet tops into silage. These
investigated parameters have direct effect on the power requirement (kW)
and chopper output (Mg/h}. Increasing of cutting speed from 18.84 to 23.55
m/s tend to increase power requirement from 20.20 to 22.50 kW, for
cylinder cutter heads and from16.0 to 18.90 kW for flywheel cutter heads.
‘While the increasing of knife clearance from 0.5 to 1.5 mm tend to decrease
power requirement from 20.2 to 10.3 kW and from16.0 to 11.0 kW for
cytinder and flywheel respectively. at moisture content 70 %. The optimum
parameters for chopping sugar beet tops into silage, were "cutting speed
23.55 m/s and knife clearance 1.5 mm at moisture content 60 % which
gave less power required 8.85 kW less specific energy 3.54 kW h/Mg and
highest values of output 2.50 Mg/h, for flywheel cutter heads
Key words: chopper, sugar beet tops, silage, Energy, Power requirement.

INTRODUCTION

Sugar beet is one of the most important crops for Egyptian farmers,
this is due to the yield for its roots and vines. The cultivated area of sugar
beet on the year 2002-2003 were 142638 feddans gave 2.857728 tons
sugar beet roots and 71.319 tons beet tops {Agricultural Statistics, 2003).
Naylor and Ralston {1991) concluded that, because of the laxative effect
of sugar beet tops, the daily amount should be limited to about 3kg calf and
12 kg/cattle. Also, they reported that the moderate amount of (Ca) element
in sugar beet tops bounded with oxalic acid resulted in unavailability of (Ca)
to the animals. Abd el-Halim (1998) found that sugar beet tops (SBT) were
transported in trailers to the experimental station and there after the tops
were spread over a layer of rice straw and were left for 2-3 days to be
wilted to diminish the moisture content to about 65-70%, before making
silage. Limestone was added at the rate of 0.5% to raise the Ca content of
the silage produced. The quality of silage describe as shown in table (1).
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Table (1): The quality of silage

. - Silage quality
Criteria On DM basis Good quality Bad quality
PH <45 >51
Butyric acids % < 0.4 >1.4
Laciic acid % , >15 < 0.5
NH3-N (% of total N) < 10.0 >21.0

Yumnam and Singh (1591) slated that blade angle influence the energy
requirement for rotary blade, the minimum power requirement was
observed at blade angles between 25° and 30°, that most preferable bevel
angle between 10° ~ 20°. Chattopadhyay and Pandey (2001) found that
tip speed of the cutter / blower(40 m/s) was an optimal flail tip velocity to
provide adequate blowing of maize. Therefore, the 0.41m diameter flail
mechanism was required to rotate at least 1800 rpm. Zhang et al., (2003)
concluded that specific energy for the flail cutter / blower ranged from 2.0 to
4.7 kW.h Mg DM for moisture content 60-70%.and {(0.51 to 1.2 kW.h /Mg)
for flail tip speed ranged from 38.4- 45.6 (mv/s). Moisture content of silage
and flail speed, were highly correlated to specific energy, but the number of
flails was not. .ASAE S472 (1998} theoretical length of cut {TLOC) shall
expressed in mm/knife.

- NxK

Where:
D, is the supper rear feed roll effective feeding diameter, mm;
D> - lower rear feed roll effective feeding diameter, mm;
N; - super rear feed roll speed, r/min;
Nz - lower rear feed roll speed, /min;
N - cutter head speed, r/min;
K - number of cutter head knives per revolution passing by
Fixed point.
Z -number of feed roils used N TLOC Z=10r2

Ghulam, and Firner (1981). Measured the length of chopped part as :

L=TLC/sin@
Where: L is the length chopped piece {mm;)
TLC - theoretical length of cut;

2] - rake angle.
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The knife rake angle {8) of cylinder cuiter heads: is the included angle
between the knife leading suface at the cuiting tip, and a radial line
passing through the knife cufling tip. The %nife rake angle of llywheel cutter
heads: is the included angle between the knife leading surface at the
cutting tip and a line parallel to the cutier head axis of rotation. As shown in

(Fig. 1).

A B
Fig(1): (A} The knife rake angle, @ of cylinder cutter heads

{B) The knife rake angle, @ of Flywheel culter heads.

The aim of this research study was to evaluate some operaling parameters
such as (moisture content, cutting speed and knife clearance) affecting on
the chopper perforimance, and power requirements.

MATERIAL AND METHODS

The main experiment was carried out at the Animal Production
Research Station of Sides — Beni-Sweif Governcrate, during 2002-2003.

The characteristics of the PTO driven choppers used in the study 1S
shown in Table 2.

Table {2). Specifications of choppers.

Knife mounting digk
cutting knife \
%)

A/ ———  Culting knife
&
stationary knile Stationary knife

Item Cylinder cutter heads | Flywheel! cutter heads
Manufacture Local manufacture Local manufacture
Power ,HP (kW) 20 (14.6) 16 {11.6)

No of cutting knifes 4 3
Cutting knife length, cm 30 S5
Capacity green {orage, Mg/ 25 2.0
Dry crop residual Mgh 0.75 0.70
Weight kg 300 250
Cutting drum Speed, pm 1500 1500
Feeding drum speed rpm 110 150
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the drying oven at 105 c® for 24 h Moisture content was then computed as
follow:

weight of wet sample - weight of dry sample
Mc (W b%) = x100
weight of wet sample

where: Mc (W b %) is the moisture content in wet basis, %
» Chopper evaluation:

The criteria used to evaluate tested choppers were capacity, chopper
efficiency and power consumption. Chopper capacity (Mg/h), Chopping
efficiency and the particle length distribution were determined via ASAE
standard S424 Method of determining and expressing particle size of
chopped forage materials by screening. A set of sieves with opening
sizes 25,38, 44 and 57 mm were used .

As a result of sieving , the malerial finance was classified into grades. Fine
particles that pass through 25 mm sieve, middle size materials that pass
through 38 mm sieve and course materials that pass through 44 mm
sieve. Other materials sieved between the 57mm and 44 mm sieves was
considered Lamp.

The mean weight length (MWL) was computed as follow:
(MWL) = Z(siwy + Spwz + Sawa + S,wa) / Zw
Where:
St 53 S3, S4. sieve opening size
Wi W2 Wi, Wa. weight screening materials for each sieve
+ Power requirement (kW): The choppers Powered by the tractor PTO.
The power required for chopper operation (EP) was calculated as follow
according to (Nasr, 1985)
£P=3.163 Fc, {kW)
Where: Fc is the fuel consumption, L/h.
« Energy consumption (kW.h / Mg):
T’l’ie energy consumed for chopping beet tops was calculated as follow:
Power consumption (kW)

Energy consumption = ,
Capacity of forage chopper (Mg/h).
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RESULTS AND DISCUSSION

This study was devoted to evaluate performance of two types of
chopper, namely; cyiinder cutter heads and flywheel cutter heads.
Parameters such as cutting speed, and knife clearance were tested in
cutting sugar beet tops. Evaluation criteria  such as power requirement,
chopper output and energy consumption were determined.

+ Chopper performance:...

The machine data conceming, cutting speed, size reduction and MWL of
the two types of choppers, flywheel and cylinder cuiter heads were shown
in Table (3) and Figure (2).The frequency of cut fengths were (38%, 27%,
18% and 17%) and (28%, 22%, 13% and 37%) at the different size of sieve
hole sizes (<25mm, 25-38, 38-44 and 44-57 mm) for both flywheel and
cylinder cutter heads choppers, respectively at cutfing speed 23.55 m/s.

Table (3): size reduction and MWL for sugar beet tops after chopping.
Type | Cutting| Cutlengths distribution | MWL, {ILC, {MWL-ILC)

of speed, % mm {mm | ————x100
Chopper| mis |[<25|25-38 | 38-44 | 44-57 iLC .
mm mm mm mm %
2 1884 |40 25 | 20 | 15 | 33 | 32 4.53

Flywheel! 21.19 42 23 22 13 34 32 515
23.55 38 27 18 17 34 32 5.46
18.84 | 30 23 14 33 37 32 16.25

Cylinder} 21.19 28 20 15 37 37 32 16.78
2355 | 28 22 13 37 38 32 18.61

» Effect of cutting speed and knife clearance on chopper cutput Mg/h.

The productivity {(chopper output Mg/h) of the two types of choppers,
increased by increasing knife clearance as shown in Tables (4-5) and Fig
(3). The maxium chopping output was 2.13 Mg/h, for cylinder machine and
2.6 Mg/h for the fiywheel cutter heads machine . These results ‘were
achieve at knife clearance 1.5 mm ,cutting speed 23.55 m/s and moisture
content 70%. At 60% moisture content, the productivity was 2.05Mg/h for
the cylinder machine and 2.5 Mg/h for the fiywheel cutter heads machine .

Fig (3) show that more productivity of flywheel than the cylinder types, this

may be because of the increasing knives effecting cutling length. (knives

effective cutting length = knife length(cm) x number of knives on cutter
" heads). '

Misr J.Ag. Eng., July 2004 -904-



O flywheel Bcylinder
39 ! = —— i
38 - 372 74
374
36 4

35 1 - - -
34 315 7 338 |

o b e s«

MWL mm

33 -
32!

3] weeene PR == ——

18.84 21.19 23.55

Cutting speed, mfs

Fig (2): Effect of cutting speed and type of chopper on the mean

weight length.
- Hcylinder Qfiywheel |
3 -
25 25
£ : ) 21 2
s 2 17 17
- 15
215:
9 )
a 14
3 :
05 |
04 - : ,
18.84 21.19 23.55
Cutting speed, m/s
Fig (3): Effect of cutting speed and type of chopper on machine
capacity.

~905-



Table( 4 ): Effect of knives clearances and cutting speed on chopper
output, Mg/h at moisture content 70 %.

Type of Cutting Knife clearance, mm.
chopper speed, 0.5 ! 0.8 I 11 I 1.5
mis Chopper output, Mg/h
18.84 1.41 1.51 1.56 1.61
Cylinder 21.19 1.61 173 1.49 1.85
23.55 1.85 1.99 207 2.13
18.84 1.52 1.95 171 1.79
Flywheel 21.19 1.94 269 217 222
23.55 2.25 242 2.52 2863

Table( 5): Effect of knives clearances and cufting speed on chopper

output, Mg/h at moisture content 60 %.
Type of Cutting Knife clearance, mm.
chopper | speed, o5 | o638 | 11 | 15
mis Chopper output, Mg/
18.84 1.37 1.46 1.51 1.55
Cylinder 21.19 1.57 1.67 1.44 178
23.55 1.81 1.92 2.0 2.05
18.84 1.49 1.89 1.65 1.7
Flywheel 21.19 1.94 26 2.1 2.13
23.55 2.2 2.34 2.43 2.5

« Effect of cutting speed and knife clearance on power requirement

The power requirement (kW) was calculated by recording fuel
consumption Uh for the tractor during the chopping operation. Tables {6-7)
and Figures.{ 4 - 7) showed that the maximum power required was22.5
kW for the cylinder chopper, at knife clearance 0.5mm and cutting speed
23.55 m/s. Increasing cutting speed from 18.84 to 23.55 mvs tend to
increase power requirement {20.20 to 22.50 kW), for the cylinder chopper
and {16.0 to 18.90 kW) for the fiywheel chopper. Increasing knife clearance
from 0.5 to 1.5 mm decrease power requirement from (20.2 to 10.3 kW).
and from (16.0 to 11.0 kW) for cylinder and fiywheel chopper respectively. -
at moisture content 70 %.

The results also show that increasing moisture content from 60
to70% increased the power and energy required for chopping sugar beet.
as shown in tables .(from 4 to 9)
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Table 6: Effect of the knife clearance {(mm) and the cutting speed (m/s) on
the Power requirement (kW) for the two types of choppers used
at moisture content 70 %.

Type of Cutting Knife clearance, mm.
chapper speed, 0.5 ' 0.8 | 1.1 I 1.5
mis Power required, kW
18.84 20.20 17.83 13.85 10.30
Cylinder 21.19 21.40 18.90 15.00 11.00
23.55 22.51 19.51 16.63 12.85
18.84 16.00 14.10 12.91 11.00
Flywheel 21.19 17.30 14.90 13.00 11.85
23.55 18.90 15.30 13.80 12.10 -

Table (7): Effect of the knife clearance (mm) and the cutting speed{m/s) on
the Power requirement (kW) for the two types of choppers used
at moisture content 60 %.

Type of Cutting Knife clearance, mm.
chopper speed, 0.5 I 0.8 l 1.1 [ 1.5
mis Power required, kW
18.84 17.38 13.27 11.43 8.37
Cylinder 21.19 18.65 14.54 12.38 9.30
23.55 15.90 . 15.80 12.64 10.48
18.84 15.80 12.01 9.48 6.32
Flywheel 21.19 16.12 12.96 10.43 7.90
23.55 17.70 14,22 11.06 8.85

» Effect of cutting speed and knife clearance on Specific Energy
{(kW.h Mg).

The energy consumption for chopper operating (kW.h/Mg) was calculated
by using the following formula. As shown in tables (8and9) .

Power required (kW)
Energy consurmption = (kW.h Mg)
Capacity of chopper (Mg/h).
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Table (8): Effect of the knife clearance (mm) and the cutting speed (rm/s) on

the specific energy (kW.h/Mg) for the two types of choppers used
at moisture content 70%

Type of Cutting Kaife ciearance, mm.
chopper speed, 0.5 J 0.8 ] 1.1 _[ 1.5
. mis Specific Energy (kW.h/Mg)
18.84 14.40 11.80 8.90 6.39
Cylinder 21.19 13.30 10.90 10.0 5.80
23.55 12.10 9.80 8.32 6.03
18.84 10.50 7.20 7.54 6.21
Flywheel 21.19 8.87 5.50 5.99 5.40
23.55 8.40 6.30 5.45 460

Table {9): Effect of the knife clearance (mm} and the cutting speed (m/fs) on
the specific energy (kW.h/Mg) for the two types of choppers used
at moisture content 60%

Type of Cutting Knife clearance, mm.
chopper speed, 0.5 J 0.8 _[ 1.1 I 1.5
mis ' Specific Energy (kW.h/Mg)
18.84 12.68 9.0 7.55 5.40
Cylinder 21.19 11.8 8.7 8.59 522
2355 10.9 8.22 6.39 5.11
18.84 106 | 754 574 a7
Fiywheel 21.18 8.3 495 4.96 3.70
23.55 8.09 425 4.58 354

The optimum parameters for chopping sugar beet tops into silage,
were cutting speed 23.55 m/s and knife clearance 1.5 mm at moisture
content 60 %.At this levels the maximum productivity2.50 Mg/h, minimum
power required 8.85 kW and lower specific energy 3.54 kW.h/Mg were
achieved by flywheel cutter heads type. While for cylinder cutter heads the
optimum parameters were, cutting speed 23.55 m/fs and knife clearance 1.5
mm at moisture content 60 %. Which gave productivity 2.05 Mg/h, power
required 10.48 kKW and specific energy 5.11 kW .h /Mq.
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