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Summary. The paper presents the results of the researeémengy consumption in the process of
cutting and crushing corn sweet cob. The cuttimgearealized on testing machine Instron 4302
and the crushing on the knife crusher H151/0. Tleasarements of energy consumption were
taken on a research stand. An influence was tedttdte variety, hole diameter of sieve and angle
of setting knife on the analysed parameters. Thesitle of corncobs influenced the change in
consumption of energy
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INTRODUCTION

High requirement of the renewable source energhascause of searching cheap
production technology and managing some of thetptaaterials for energy purpose
[Zdrojewski and Penp 2002]. One such product is corn waste i.e: stdbaf stalks,
cores, leaf cobs. It is about 50% of the whole seeal mass [Myers 1992] and about 70% in
production of canned maize [Love 1990, Bagbay arndisi'ém 1997, World Bank..1998,
Fritz et al 2001].

The cores are widespread natural resource of fuehergy production [Barnard,
Kristoferson 1983, Soltes 1983, Enwerematlal 2004]. The cores are quite cheap as a
large volume refuse product in the production odize. Its mass density is at the level
of 0,3 g-crit at size particle from 0,95 to 2 mm [Vaughenal. 2001] and the calorific
value at about 1870 kJ-kdZdrojewski and Perp2002]. On average there is about 18
kg of cores in 1000 grain maize [Bagby and Widstd®97].

Rising consumption and the cultivation of sweeimcdasrthe cause of processing es-
tablishment evaluation concerned with the maizevigel for food and simultaneously
plenty of the organic refuse, mainly cores [Warze2803, Waligéra 2004].

The cores received from production of seed graératuch moister, nearly 50%
more than the cores received from sweet corn ptamudt is the result of not cutting
the whole grain from core [Feibert and Shock 1¥@cht 1998].
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The cores management for the heating, feed or regounposes is connected with
its size reduction which is a complicated and epeansuming process [Grochowicz
1996, Zawdlak 1997, Molendowski 2001, Opielak and Komsta 300he aim of the
study was to determine energy consumption durutting and disintegrating the cores
of sweet corn.

MATERIAL AND METHODS

The study was conducted on the cores of sweetvaniaty: Golda, Candle and Ju-
bilee. The characteristics of the material is shawhable 1.

Table 1. Characteristic parameters of the sweet cares

Characteristics Variety
Golda [v.c), [Candle| v.c., % Jubiled v.c., %
Length, cm 18.6 3.2 19.2 2.4 20.1 2.9
Diameter, cm 3.2 0.8 2.9 0.9 34 3.1
Mass, g 105.6 61 | 91.2% | 6.8 |1342®| 59
Moisture content, % 70.2 1.2 71.2 0.9 69.1 1.3
Density, kg-ri 701.% 56 | 717.4%| 63 |739.7®| 6.7

D _ variation coeficient,

abC_ the same letters at values denote statisticgifipificant diferences

The studied cores were received immediately afteingivas cut on the cutter ma-
chine corn Cutter SC-120 FMC FoodTech brand atiomapeed cut head of 1600 rpm
and linear velocity of the corn feeder of 0.31-s

The energy consumption of cores cutting was comduoh the quasistatistics con-
dition on the Instron 4302 (Fig. 1) apparatus medr velocity head of 10 m-mirand at
the load of 10 kN.
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Fig. 1. Scheme of laboratory stand:1 — Instron egipa 4302, 2 — measurement head, 3 — printer,
4 — ploter, 5 — computer
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Cutting labor_, was determinedn the basis of the formula

L.=F:s 1)
where:
F — cutting force, N
s— displacement of knife, mm.

Cutting force was related to cross-section of sigrfim the canter of the core. Cut-
ting was conducted in the setting knife at the amflknife 45° and 90° to longitudinal
axis of +corn cob. Results were determined aftetri@ls of each variety and each set-
ting of knife.

Energy consumption of size reduction was determinete dynamic conditions on
the knife crusher H151/0 (Fig. 2) at hole diametesieve: 5, 10, 15 mm. Energy con-
sumption of the core crushing was determined witlvgr electric energy converter
Lumel PP83.
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Fig. 2. Schematic diagram of measurement statipknige crusher H151/0, b) the registration
system of electric horsepower and energy

The consumption of energy at disintegration of dveeen corncob was determined
by the formula:

MJ -t )

where:
E. — the total consumption of electric energy dunivayking of the shredder, MJ,
Ey; — the consumption of electric energy during reduear, MJ.
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The unit value of electric energy consumption wetermined by:

E=b ©)
m

J

where:
m — the mass of disintegration sample, Mg.

The measurements were realized on the sample 0dB@obs in 6 repetitions for
each combination of corncob diameter and varieties.

The moisture of corncob was calculated from thvfahg relation:

WM, -M;)
= (@)
100-M,
where:

W, —initial moisture content of sample, %,

W, —final moisture content of sample, %.

The moisture was determined in accordance to PN-36101.03.
The results of measurements were analyzed forfeignce level ofx = 0.05 using
the computer program Statistica 6.0 PL.

RESULTS AND ANALYSIS

It is generally known, that the cutting and disgregion energy of the biological
material is relative to physical properties, indhgl the moisture of the tested material
[Zawislak 1997, Opielak and Komsta 2001].

On the characteristic material results (Table IJai be observed that moisture is
not statistically significantly differential, so rfaconsiderations were realized on the
ground that the moisture is similar.

The results of the presented analysis of variahoav, that as well varieties as the
knife setting are factors which influence statali¢ significantly the cutting energy of
corncob. There was no statistically significantestiénce between their interaction (Table 2).

The mean value of cutting energy in relation to theted factors was put in Figure
3. The mean value of cutting energy for settingekiait angle 9D was contained in the
interval from 3,6 (variety Jubilee) to 4.6 MJ (Ga)cand at angle 45rom 4.2 (Jubilee)
to 6.1 MJ (Golda).

The change of setting knife from 90 to°4Bfluence on reducing the mean value of
cutting energy about 24% for Golda, about 14% fdilée and about 16% for Candle
variety.

The difference between the mean value of cuttingrggnfor varieties can be ex-
plained by the adequate density of corncob.

The higher mean value of corncob density matchedadver mean value of cutting
energy. The change of corncob density from 73%ubiide) to 701.2 kg-th(Golda)
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resulted in the reduction of the cutting energywt81% for knife setting at angle 45
and about 23% at angle 90
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Fig. 3. The mean value of cutting energy with 9%%rival confidence
in relation to variety and knife setting

Table 2. The analysis of variance to test for ffezevariety and knife setting on cutting energy L

L Sum of Degree of Mean Significance
Specifications square Test F
squares | freedom level
effect

Setting knife (u) 12.327 1 12.327 21.14% 0.000
Variety (0) 19.836 2 9.918 17.013 0.000
Interaction u x o 1.788 2 0.894 1.533 0.226
Error 27.982 48 0.583

The analysis of variance for the effect variety dianeter of sieve on consumption
of unit energy of disintegration showed, that athwutting energy, only the statically
significant influence the main factors, and insfigaint their interaction (Table 3).

The increase of hole sieve reduced the consummticmit energy of crushing
from 239.0 to 157.8 MJ-Mbfor Golda variety, from 222.0 to 147.3 MJ-Mpr variety
Candle and from 21.30 to 155.3 MJ-Mipr Jubilee variety.

The difference between varieties can be explainad,at cutting energy, by the
crushing of corncob density. The corncobs densiynf739.7 (Jubilee) to 701.2 kgm
(Golda) effected on the reduction of unit energgull1% by 5 mm hole of sieve, about
14% by 10 mm hole of sieve and about 7% by 15 mia bbsieve.
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Fig. 4. The mean consumption of unit energy ofrdéiration with 95% interval confidence
in relation to diameter of the hole sieve (d) aadety

Table 3. The analysis of variance to test for tif@cevariety and diameter
of corncob crushing energy E

e Sum Degree Mean Significance
Specifications square Test F
of squares| of freedom effect level
Variety (0) 3288 2 1644 5.420 0.007
Diameter of corncob (d) 45598 2 22799 75.169 0.00d
Interaction o x d 1751 4 438 1.444 0.235
Error 13649 45 303

CONCLUSIONS

1. The mean values of cutting and crushing energyoohapbs are significantly

differential.

2. The density of corncobs influenced the change imsamption of energy. The
higher density of corncob matched the lower valueutting and crushing energy.

3. The mean values of cutting energy depended on keifing and were the low-
est at angle 90 however the mean values of crushing energy degzend diameter of
sieve hole and dropped with their increase.
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