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DEVELOPMENT A PACKED VERTICAL DISK CORN
SHELLER FOR RURAL DWELLER

A.K. Zaalouk™®

ABSTRACT
The main objective of this paper is to development of small corn
Sheller for rural dweller at operated by using an electric motor.
The effect of some parameter such as: operating speeds 229, 275
and 330 rpm and three sizes of corn cobs ( less than 45mm, 45 -50
mm and more than 50 mm) at average moisture content 13.81 %
on shelling efficiency, unshelled kernels percentage, damage
kernels percentage, shelling productivity, power consumption and
total cost ( unit cost + criterion cost ) . The results revealed that,
with increase of operating speed shelling efficiency decreased and
productivity, unshelled percentage, kernels damage percentage
and power consumption with all sizes of corn cobs increased. The
heights shelling efficiency and Sheller productivity of (99.65,
99.61 and 99.48%) and (94.38, 127.02 and 138 kg/h) at operating
speed 229, 275 and 330 rpm respectively with all sizes corn cob. It
is recommended that the operating of the corn Sheller was 275
rom achieve average shelling efficiency of 99.35 %, unshelled
kernels of 0.65 %, damage kernels of 5.25 % , productivity of 98.8
kg/h and average total cost ( unit cost + criterion cost ) of 112.40
L.E/ton for sum the sizes corn cob. The total cost ( unit cost +
criterion cost ) of 382.72 L.E/Mg were high when operating the
corn Sheller manually.
INTRODUCTION

Corn is considered as one of the most important cereal crops

in Egypt. It used in human feeding, industrial aspects for

producing corn oil, starch and dry food for animal, more
recently, fuel. Shelling of corn in general is carried out by using
three different methods: manual, semi-mechanical and
mechanical. Up to now most of shelling corn in Egypt is
essentially carried out manually.

*Associat Prof., Agric. Power& Mach. Eng. Dept.- Fac. Of
Agric. Eng., Al-Azhar Univ.- Cairo.
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This operation is laborious and time consuming with low
production.

Hand shelling of corn is very slow process and requires much time
and labor, but it cases minimum losses and seed damage compared
with mechanical shelling.

Traditionally, maize shelling is carried out as manual operation
where maize kernels are separated from the cob by pressing on the
grains with the thumbs. According to the operator's ability about
10 kg of maize grains are separated per hour. Another simple and
common shelling methods are rubbing two ears of maize against
each other. Threshing of maize with hand-held tools (wooden or
slotted metal cylinders) output up to 20 kg / h can be achieved.
The small disk shellers like hand- driven or powered machine,
which commonly required two operators to obtain 150 to 300 kg /
h . Another threshing methods followed in tropical countries
involves putting cobs in bags and beating them with sticks,
outputs achieved prove attractive but bags deteriorate rapidly
(Vishwanatha 2005).

Hunt (1976 ) stated that the shelling of corn kernels from the cobs
is significantly affected by cob moisture content. In this direction
he found a linear relationship between the amount of kernels left
on the cob and the cob moisture content for a picker- Sheller using
the cylinder. He reported that losses became insignificant if
shelling was delayed until the cob dried down to 30 % (w.b) .Also
he explained that invisible losses occur, partly due to broken
kernels tips that remain in the cob and partly due to unexplained
dry matter losses .

Kepner et al. ( 1982 ) mentioned that a shelled corn loss at the
snapping increased as the kernel moisture content decreased,
especially below 20 %. They added also that by increasing
forward speed losses with spiral-ribbed snapping rolls increased.

Metwalli et al. (1995a ) compared between two maize shelling
drums, triangle rasp-bar and triangle spike-tooth. Five drum
speeds, four clearance ratios and five kernel moisture contents
were tested to estimate grain damage and unshelled grain. Triangle
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rasp-bar drum is strongly recommended for its good performance .
The grain damage, unshelled grain, and shelling efficiency were
386 % , 195 % and 96.2 % respectively. At 10.26 m/s drum
speed, 1.8 to 2.1 ( inlet clearance / outlet clearance ) for 18 to 20
% moisture content as condition of the triangle rasp-bar drum.

Metwalli et al.( 1995 b ) manufactured and constructed a small
suitable corn shelling machine from local materials to suit the
demands of Egyptian farmers a comparison test of machine was
carried out on the manufactured machine compared with another
small French shelling machine. The test performance includes
unshelled grain, grain damage and economical operating cost. The
performance of the machines was influenced by both drum speed
and concave clearance ratio at different moisture contents during
shelling corn ears . The manufactured machine was developed to
be suitable as possible for different grain crops with a minimum
adjustments by using a rasp-bar cylinder . The manufactured
machine was found to be better in shelling efficiency and grain
damage .

Abd EL-Maksoud( 1996 ) studied some factors affected the
performance of new established small corn Sheller at three levels
of kernels moisture content and four corn varieties. He found that,
the optimum shelling efficiency was 97.5 % at kernels moisture
content 18 % ( w.b ) and speed 280 - 320 rpm for all varieties. The
minimum total losses ( 6 — 10 % ) was obtained when speed
ranged from 280 to 600 rpm ) and the same kernel moisture
content for most corn varieties. The main objective of this study
was performance evaluation a small corn Sheller to shell
satisfactorily, also to suit the rural dweller.

MATERIALS AND METHODS
This study was carried out at the Agricultural power and machinery
Engineering Department, Faculty of Agricultural Engineering Al-Azhar
University, during the year 2013.
1- Material.
1.1 Variety of corn :
The variety yellow corn hybrid 352.
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1.2 Corn shelling machine:

The most important functions of the corn shelling machine is
separate kernels from corn ears.

The shelling disk of the corn Sheller, which rotated in vertical
plane, had four concentrate row of iron projections, which
performed the shelling operation.

The distance between two iron projections rows 10 mm. The
outermost row was at 75 mm distance from the center of the disk.

The ears enter for shelling through a feeding hole on the disk
when are pushed by worker. When the shelling machine is in
operation ears are drawn in by the projections on the rotating disk.

The corn is shelled due to the friction between ear and face of the
disk and also due to the circulate movement of the ear itself down
in conical hole.

The shelled kernels fall down bottom machine and cobs are drawn
delivered from a special hole as shown in fig. ( 1 )and ( 2 ). The
shelling machine and motor is fixed on base. It can be either
operated manually or by using an electric motor 0.25 kW 1420
rpm. The speeds can be obtained by changing pulleys.

Fig. (1) : Corn Sheller.

1- Cobinlet  2- Handle 3- Shelling disc 4- Cob outlet
5- Qutlet for kernels 6- Frame 7- spring
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Fig. (2) Photo corn Sheller .

1-3 Measurement of physical properties of corn ears :

Fifty cobs were randomly selected and their physical properties
such as weight, length, largest diameter ( measured at the base of
the cob ) and smallest diameter ( measured at apex of the caob,
excluding the portion having no kernels ) were measured.
Frequency distribution of cobs for different diameters was
determined on the basis of largest diameter. Based on frequency
distribution of the cobs, the cobs were grouped into three sizes on
the basis of largest diameter. The whole lot of corn cobs was thus
sorted into three sizes viz. small diameter ( less than 45 mm),
medium diameter ( 45 to 50 mm) and large diameter ( more than
50 mm) .

2-Evaluation of corn Sheller

-Shelling efficiency:

Shelling efficiency of the mechanical Sheller was estimated according to
the following formula:

shelling efficiency = oo X100 --eemeeoeeeeeeneeees (1)

Where :
W1 = mass of separated kernels, g.

W2 = mass of non-separated kernels , g

Misr J. Ag. Eng., October 2013 - 1027 -



FARM MACHINERY AND POWER

The Un-shelling percentage :
The total count output of the un-shelling percentage of each one was
calculated by the following formula:

Un- shelling percentage = 72X 100 worevveeeeveeeee- (2)

Where :
W1 = mass of separated kernels, g.
W2 = mass of non-separated kernels, g
The damaged percentage:
The total count output of the damaged percentage of each one was

calculated by the following formula:
Damaged percentage = Z3x100 ----------=======n==nn===- (3)

T wa
Where :
W1 = mass of separated kernels, g.

W3 = mass of damaged kernels , g.
Total mass of the sample (W) :
Wi = W1 +W, + W,

Where :
W, = mass of cobs, g.
-Estimation of power consumption and energy requirement:
Both ammeter and voltmeter were used for measuring current strength
and potential difference respectively, before and during shelling.

The total costumed electric power under machine working load (P) and no
load was calculated according (lockwood and Dunstan, 1971)by the
following equation.

1.V .u.cosO

Total consumed power (load power) = 1000

(T — (4)

Useful power = (load- no load)

Where:
I=line current strength in amperes
V= potential difference voltage being equal to 220 V
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Cos ©= power factor (being equal to 0.85)

p= efficiency (0.95)
Productivity
Machine production: time of shelling was measured by means of a
stopwatch to determine the machine production in kg/h .

Mass of corn kernels

Productivity = ——————— oo (5)

time of shelling

- Cost analysis:

The mechanical shelled economical and financial analysis were carried
out calculating the following parameters, The methodology of estimating
spraying costs (LE/h) was as follow (Hunt,1983).

Total cost (LE/h) = Fixed cost (LE/h) + Variable cost (LE/h) ......... (6)

1 - Fixed costs:

Depreciation:

Declining balance method was used for estimating the depreciation (Hunt,
1983). In this method the value of depreciation was different for each year
of the machine’s life.

D=V"—vn+1 -------- (7)
X'I'J
=Pli-g) (8)
Where:

D = Value of depreciation charged for year (n + 1).
P = Purchase price in L.E.
L = Time between buying and purchasing, year.
n = Number representing age of the machine in years at beginning of year
(n+1)
V= remaining value at any time .
X = Maximum rate depreciation =1.5
Interest on investment, Sheller, taxes and insurance:

Interest on investment, shelter, taxes and insurance (ISTI) was estimated
to be 17.5% oil the remaining value (Hunt, 1983).
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ISTI=V X0.175  LE/Y[-mrrmmmmemmmmemmmmeemmmnenee (9)

2. Operating costs:
- Repairs and maintenance (R+M)
For machinery is about 5.77% of purchase price

- Total unit costs by using electric motor were based on the
following :-.

1- The operational cost as suggested by Hunt, (1983 ).
2- The minimum rate tariffs of kW.h electricity allowed in Egypt.

3- The optimum average values of power requirement at all
shelling operating speed of 229, 275 and 330 rpm for the sizes
corn cob .

4- Total units ( L.E/Mg) =
Electricity costs L.E/Mg + Costs per unit mass L.E/Mg

LE machine co stLh—E

Operation cost— = R (10)
; ; g
actual machine pruductmnT

The criterion function cost ( Cf ) was calculated to determine the
optimum operating parameter for the used machine . This function can be
calculated as the sum of machine operation cost ( Uc, L.E/ Mg ) plus the
losses cost ( Lc, L.E/Mg) ( Awady et.al., 1982) .

Ci=U .+ L.
Where :
Lc = 10-* Cpu ( Unshe. + 0.33 Typ
Cow = Current price of one ton of corn kernels ( 1880 L.E/MQg).
Unshe = Unshelled kernels, %
Tko = Total kernels damage, %

Current price of one ton of broken corn kernels = 0.33 Cp,, .
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RESULTS AND DISCUSSIONS
Physical properties of corn cob:
Table (1) shows the physical properties of the three sizes (less
than 45, 45 to 50 and more than 50 mm) of corn cobs. The average
kernel moisture content was 13.81% (db). The average weight of
1000 kernel was 250 g. The average number of cobs in 10 kg
sample decreased from 72, 56 to 43 as the maximum cob diameter
increased from less than 45 mm to more than 50 mm. The average
cob lengths were 140.7, 161.3 and 178.3 mm for the cobs with
maximum diameters less than 45, 45 to 50 and more than 50 mm
respectively. The average maximum diameter of cobs (measured
at base end) were 42.8 ,46.9 and 51.8 mm for in the sizes of
less than 45 , 45 to 50 and more than 50 mm respectively. The
minimum diameter of corn cobs (measured at head end) an
important physical property affecting the cob feeding did not
change much (40.2 to 35.2 mm) for different sizes of corn cobs.
The average weight of a single cob was 137.4, 178.4 and 230 g in
sizes of less than 45, 45 to 50 and more than 50 mm respectively.
Shelling efficiency:
The results indicated that manual shelling gave 8.23, 8.67 and
12.45 Kkg. kernel/ h at sizes of less than 45 , 45 to 50 and more than
50 mm respectively with shelling efficiency 100 % .

Table (2) show the shelled, unshelled, productivity from kernel
and shelling efficiency of corn for the corn Sheller operated
manually gave 50.12, 61.74 and 48.52 kg. kernel / h at sizes of
less than 45 , 45 to 50 and more than 50 mm respectively, with
shelling efficiency 84.62, 83.33 and 88.57 % at sizes of less than
45 , 45 to 50 and more than 50 mm respectively, un-shelling
percentage ( losses kernel ) and damaged percentage gave ( 15.38,
16.67 and 11.43 %) and ( 1.2, 1.3 and 1.5 % ) at sizes of less than
45 | 45 to 50 and more than 50 mm respectively with average
manual operating speed 156 rpm.

The percentage of unshelled kernels increased with operating the
corn Sheller manually because of forward movement of cobs,
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which impeded the rotation of cob while passing through the
machine. It was observed that some the cobs passed through the
machine without full rotation.

Table (1) physical properties of corn cob.

Parameter Cob size, mm.
Less than 45 t0 50 I;/rlgae
45 50
Cob length, mm. 140.7 161.3 178.3
Maximum cob diameter at base end, mm. 42.8 46.9 51.8
Minimum cob diameter at head end, mm. 35.2 37.8 40.2
Weight of single, g. 137.4 178.4 230
Average number of cobs in 10 kg sample. 72 56 43
Average kernel moisture content, % (db) 13.81 13.81 13.81

Table (2): shelled corn kernel (kg/h), unshelled percentage (%) and
shelling efficiency (%) for corn Sheller operated manually.

Parameter Cob size, mm.

Less than 45 t0 50 I\t/lhc;]e
Av. manual operating speed, rpm 156 156 156
Productivity from kernel, kg / h 50.12 61.74 48.52
Shelling efficiency, % 84.62 83.33 88.57
Un-shelling percentage ( losses kernel ), % 15.38 16.67 11.43
The damaged percentage, % 1.2 1.3 15

The results in fig. (3) indicated that corn Sheller operated power
(an electric motor) to shelling efficiency.

The variation in shelling efficiency with operating speed of corn
Sheller for different sizes of corn cobs is presented in fig.( 3 )
which shows that shelling efficiency of corn Sheller for given all
sizes of corn cobs increased with 229 rpm and thereafter it
decreased with increase in operating speed. However this change
in shelling efficiency was marginal ( 95.74 t099.74 %) .

On the other hand, shelling efficiency at given operated speed was
lower for cobs with maximum diameter of less than 45 mm than
the other two sizes of corn cobs .
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The highest shelling efficiency of corn Sheller was for cobs
maximum diameter between 45-50 mm which was 99.65, 99.61
and 99.48 % at operating speed 229, 275 and 330 rpm respectively

The shelling efficiency decreased from 99.74 to 96.15 % with
increase in operating speed from 229 to330 rpm for cobs with
maximum diameter more than 50 mm.

The Un-shelling percentage:

The percentage of unshelled kernels increased with increase
operating speed of forward movement of cobs, which impeded the
rotation of cob while passing through the machine. It was
observed that some of the cobs passed through the machine
without full rotation.

| —e— Less than 45mm —=—45-50 mm —aA— More than 50 mm

101
100 -

99 -
98 -
97 -
96 -

Shelling efficiency, %

95 -
94 -

93 T T
229 275 330

operating speed, rpm
Fig.(3) variation in shelling effficiency of corn Sheller
with operating speed for different sizes of corn cob.

While, the decrease in percentage of unshelled kernels as the corn
Sheller the removal of kernels was by rubbing action, which was
more effective when the cobs were rotated by 360 degrees before
reaching the machine exit and all kernels were exposed to rubbing
action of the teeth on shelling plate ( Singh, 1977 ).

The damaged percentage :
The variation in percent of damaged kernels with operating speed
of corn Sheller for different sizes of corn cobs is presented in fig
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(4) which shows that percent of damaged kernels of corn Sheller
for given sizes of corn cob increased with increase in operating
speed for sizes cob with maximum diameter of less than 45 mm
and between 45- 50 mm. While the percent of damaged kernels
with maximum diameter of more than 50 mm were 6.77, 6.76 and
6.36 % at operating speeds 229, 275 and 330 rpm respectively.

|+ Less than 45 mm —&— 45 - 50 mm —&— More than 50 mm |

a o N 0
! ! !

Kernels damage, %

N W b
! ! !

[y
!

229 275 330
Operating speed, rpm

Fig (4) variation in kernels damage of corn Sheller
with operating speed for different sizes of corn cob.

Sheller productivity :

Fig. ( 5 ) shows the variation in shelling productivity of corn
Sheller with operating speed for three sizes of corn cobs, which
indicates that the shelling productivity of the corn Sheller for all
sizes of cobs increased with increase in operating speed.

The highest shelling productivity ( 138 kg kernel/ h) for corn cobs
with maximum diameter between 45-50 mm occurred at operating
speed 330 rpm.

The shelling productivities at operating speed of 229, 275 and 330
rpm were ( 59.92, 67.46 and 77.92 ), (94.38,127 and 138.4 kg/h )
and ( 58.11,102.11 and 108 kg/h ) at sizes less than 45 mm, 45-50
mm and more than 50 mm respectively.
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| —e—Lessthan45 mm —M—45-50 mm —aA— More than 50 mm |

160
140 A
120 A

100 4 ././/‘
80 A
60 -

40 -
20 -

Productivity, kg/h

229 275 330
Operating speed,rpm

Fig. (5) variation shelling productivity of corn Sheller
with operating speed for different sizes of corn cob.

Power consumption:

The variation in power consumption to operate the corn Sheller at
different operating speed for different sizes of corn cobs is shown
in fig.( 6 ) which indicates that the power consumption for
operating the corn Sheller increased with increase in operating
speed from 229, 275 330 rpm for all sizes of corn cobs .

| ——o—Less than45 mm —#—45-50 mm —A— More than 50 mm |

0.16

0.14 1
0.12 A
0.1 A1

0.08 -
0.06 -
0.04 A
0.02 A

Power consumption, kW

229 275 330
Operating speed, rpm

Fig. (6 ) variation power consumption of corn Sheller with
operating speed for different sizes of corn cob .

On the other hand, the power consumption at given operated speed
was lower for cobs with maximum diameter of less than 45 mm
than the other two sizes of corn cobs .The operating power
required with corn cobs having maximum diameter between 45 -
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50 mm was highest ( 0.099, 0.134 and 0.146 kW ) at operating
speed of 229, 275 and 330 rpm respectively .

Cost evaluations :

The operational costs were calculated for operating the corn
Sheller manually and with an electric motor compared with
shelling handly without machine .

The corn Sheller and operating costs were combined with
experimental performance data to compute total unit cost in
L.E/ton .

The total unit costs by operating corn Sheller manually was
computed depending on the manual operating performance of the
corn Sheller as indicated in table ( 3 ) considering following :

1- The hourly costs were about 5.39 L.E/h without electric motor

2- The average manual operating speed 156 rpm .

Conclusively, as indicated from tables (3) and (4) operating the
corn Sheller manually with an average operating speed 156 rpm
did not decrease the total unit cost . It average unit cost ( for
every speed with all sizes corn cob ) ranged between 92.25 and
60.78 L.E/ton by using electric motor, while it averaged cost unit
( for every sizes corn cob ) was 101.97 L.E/ton manually.
Furthermore, tables (3),(4) when operating the corn Sheller by
using the electric motor and manually . As indicated in the same
table and it can be noticed that the average total cost (unit cost +
criterion cost) in the first case (for every speeds with all sizes
corn cob ) ranged between 112.02 and 132.78 L.E/Mg where it
was 382.72 L.E/Mg when operating manually (for all sizes corn
cob ). While it averaged cost ( for every sizes corn cob ) was 525
L.E/Mg kernels shelling handly without machine .
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Table ( 3) the economical unit cost , criterion function and total cost for

manual operation for corn Sheller .

Sizes Shelling manually at average speed 156 rpm
corn
cob, Hourly L Unit Damaged | Criterion Total Average
mm Productivity cost Unshelled
cost, Ma/h % kernels cost, cost cost
L.Eh g % LEMg | LEMg | LEMg
L.E/h
<45 0.0501 107.54 | 15.38 1.2 296.59 404.13
45 - 50 0.0617 87.30 | 16.67 1.3 321.46 408.67
5.39 382.72
>50 0.0485 111.09 | 11.43 15 224.19 335.28
101.97
Table ( 4 ) the economical unit cost , criterion function and total cost for
electrical operation for corn Sheller .
Sizes _ Shelling with an electric motor
Operating
corn Hourly o Unit Damaged | Criterion | Total | Average
speed, Productivity Unshelled
cob, cost, cost kernels cost, cost cost
rpm Mg/h
mm L.E/h L.E/h % L.E/Mg | LE/Mg | LE/Mg
<45 0.0599 103.80 0.74 3.40 2993 | 133.73
45-
50 0.0944 65.90 0.35 4.96 37.35 | 103.35
229 6.22 130.34
>50 0.0581 107.04 0.26 6.77 46.89 | 153.93
Mean 0.0708 92.25 0.45 5.04
<45 0.0675 92.20 1.16 3.45 3421 | 13541
45-
50 0.1270 48.97 0.39 5.49 41.39 90.36
275 6.22 112.04
>50 0.1020 60.91 0.40 6.76 49.45 | 110.36
Mean 0.0988 67.36 0.65 5.25
<45 0.0780 79.82 4.26 6.14 48.18 128
45-
50 0.1384 44.94 0.52 7.45 55.99 | 100.93
330 6.22 132.78
>50 0.1080 57.59 3.85 6.3 111.83 | 169.42
Mean 0.1081 60.78 2.87 6.63
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CONCLUSION
1- The shelling productivity of the corn Sheller increased with
increase in operating speed for sizes of corn cobs .

2- The shelling efficiency increased with operating speed of
229 rpm thereafter it decreased with increase in operating
speed .

3- Operating power of corn Sheller increased with increase in
operating speed .

4- It is recommended that the operating of the corn Sheller
was 275 rpm achieve average shelling efficiency of 99.35
%, unshelled kernels of 0.65 %, damage kernels of 5.25 % |,
productivity of 98.8 kg/h and average total cost ( unit cost +
criterion cost ) of 112.40 L.E/Mg for sum the sizes corn cob
.The total cost ( unit cost + criterion cost ) of 382.72
L.E/Mg were high when operating the corn Sheller
manually.
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