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ENERGY-CONSUMPTION AT SWEET CORN THRESHING
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Summary. The paper considers an influence of the angular speed of threshing drum on power consumption dur-
ing the threshing of sweet corn variety Candle. The sweet corn cobs were blanched and frozen prior to threshing.
The changes of angular speed of threshing drum varied from 100 to 180 rad-s' , which affected an increase of
power consumption in the range from 2.29 to 2.44 kW (t-h™") , about 7%.
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INTRODUCTION

Corn has a lasting place in our agriculture thanks to research on growing and cultivation
technology, which assures the supply of new varieties of higher ability to potential crop. The
achievement of a farmer and agricultural engineer have made it possible to increase the grow-
ing area and yield of corn in the last years [7]. Most clearly, there has been an increase of the
growing area of sweet corn for consumption. Nowadays the growing area of sweet corn is about
5-6 tys. ha [21].

The kernels of sweetcorn for consumption are harvested at milk stage of maturity. In this
period the moisture of kernels is in the range of 70 do 78% [13, 20]. The corn is characterized by
a high level of moisture at this stage. The immature, soft and semi-liquid pulp of kernel cannot be
directly separated with the threshing method, as in the threshing of corn which reached a physi-
ological stage of maturity [8].

The applied classical methods of gaining kernel for consumption by cutting lead to large
quantitative and qualitative losses of kernels [1, 17, 18] as well as the high expenditure of energy,
which resulted from the contact of a knife with hard corn core [12]. So there is a need for the search-
ing of other methods leading to reduction of kernel losses. The threshing methods can be applied
for removal the kernels from a frozen cob. Nowadays in Polish and foreign literature this kind of
study is scarce. Therefore, special attention should be paid to the research on energy-consumption
in the process. On the other hand, the problems connected with traditional threshing and energy
aspect were considered by many authors [2, 3, 4, 5, 6, 9, 10, 11, 15, 16,19].

An effect of angular speed of threshing drum on power consumption was the objective of
this article.
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MATERIALS AND METHODS

The Candle variety of sweet corn used in the present study was obtained from a crop grown,
as representative of commercial processing, during 2007 in the zone of Warsaw. When the corn
attained the optimum processing maturity (monitored by moisture content and juice consistency
of kernels), the harvesting was begun. At harvest ears were randomly picked from plantation. The
corn ears selected for study were healthy, of straight shape, high degree of kernel filling and similar
geometrical properties. The characteristics of sweet corn are presented in Table 1.

Table 1. The characteristics of sweet corn

Contest Mean
(SD)

Cob weight", g 334.3 (21.1)
Cob length, cm 23.1(2.6)
Max. cob diameter, cm 4.8(0.8)
Number of kernels per row, pcs. 26 (1.3)
Number of kernel rows, pcs. 14 (1.5)
Kernel moisture,” % 74.3 (1.6)

“husked, ™" before frozen

To determine an average size of sweet corn, a sample of 100 ears was randomly selected. The
moisture content was determined according to standard methods (PN-ISO 6540, 1994). The linear
dimensions of the husked ears and kernels were measured using a caliper reading to 0.1 mm. The
weight of husked ears was measured using a WPE 2000p balance with an accuracy of 0.1g.

Before the threshing sweet corn was blanched and frozen. Blanching was carried out in the
water of about 80-90°C. The blanching time was about 2 minutes. After taking out the cobs from
the water they were cooled down in an ambient temperature (about 22° C), then they were dried.
Next, the corn cobs were being frozen in a stream of liquid nitrogen of minus ca. 40 °C for about
4 minutes. The conditions of blanching and freezing were determined on the basis of literature and
initial experiments. The sweet corncobs were frozen in a container (thermos). The liquid nitrogen
was supplied from applicators of Dewar flask. The frozen cobs were moved to threshing. A finger
threshing unit with axial flow was applied (Fig. 1).
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Fig. 1. Scheme of a threshing unit with axial flow of material: 1 — drum, 2 — floor

The technical parameters of the threshing unit are presented in Table 2.
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Table 2. Technical parameters of the threshing unit

Angle of drum belting, rad m
Working gap, mm:
— inlet 30
— outlet 15
Drum length, mm 1200
Drum diameter, mm 240
Engine power, kW 3.5

The energy-consumption of threshing was investigated on a laboratory stand equipped with
a threshing unit (Fig. 1), by a system of electric power measurement Lumel PP83 at sampling
1 s and frequency transducers Telemecanique ATV 18V. The measurements were realized in 3
replications for each threshing drum speed on the sample of 10 cobs. The cobs were fed for the
threshing unit till it was full. The power of threshing was measured after the threshing drum
achieved a stable speed.

The optimum consumption of power (N) was determined according to formula:

N=N,-N,, (1)
where:
N, — power consumption at threshing, kW
ij — power consumption at neutral gear, kW

On the basis of initial studies the square function to describe the energy-consumption was
taken.

N =ao’ +bo+c, )

where:
a, b, ¢ — real constants;
o — angular speed of threshing drum, rad-s™.

The measurements of power consumption were realized in the function of four angular speeds
of threshing drum: 100, 120, 140, 180 rad-s'. A range of applied speed was set on the basis of initial
studies. Frequency transducers, by taking into account the gear ratio, were used to changing the
threshing drum speed. The drum speed was controlled with an optical tachometer Prova RM -1000
with accuracy 0.01%.

An estimation of results was realized on the basis of an analysis of variance and multiple regres-
sion. Comparison of means was conducted with the Tukey’s least significant difference (LSD) test, at
a significance level p = 0.05. In addition, the standard deviations for mean values were given.

Analyses of errors were realized to set a probable error r according to the formula given by
Pabis [14].

r=0.6745 > 3)

where:

X, — measurement value,

X, — arithmetical mean,

n — number of measurements.
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In a case when the measurement error exceeded fivefold admissible value of probable error:

r>4.9r, @)

the measurement was rejected.

RESULTS AND DISCUSSION

Analyses of variance (Table 2) showed that the angular speed of threshing drum at oo = 0.05 had
a statistically significant influence on power consumption during the threshing of frozen sweet corn.

Table 2. Analysis of variance for

Specification Sum Degree Mean Test F Significant
of square of freedom square level
N 0.26 4 0.07 75.36 0.0001

Tukey test (Fig. 2) showed an insignificant difference in mean values of power between speed
of 140 and 160 rad-s™.
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Numbers in the same letter are insignificantly different at p<0.05.
Fig. 2. Power consumption (N) in dependence of angular speed (w)

A curve of dependence power consumption of angular speed is illustrated with the equa-
tion:

N =7.6810°w* + 0.4-10% @ + 2.26 (r = 92%).
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The mean values of power in the range from 100 to 180 rad-s™ vary from 2.29 to 2.44 kW.
The mean values of power consumption were relevant (counted) to the efficiency of ton per hour.

CONCLUSIONS

The investigation of power consumption in dependence of angular speed of threshing drum
was carried out. An increase of speed has an influence on the growth of mean values of power
consumption. The change of power in dependence of speed was showed by means of a square
function.

In the range from 100 to 180 rad-s the power consumption varied from 2.29 to 2.44 kW
(t'h"), about 7%.
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