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DEVELOPMENT AND EVALUATION PERFORMANCE
OF A LOCAL SUNFLOWER SEEDS HULLING MACHINE

Gamea, G.R."

ABSTRACT

A local sunflower seeds hulling machine was designed and fabricated at a
private workshop in Banha city, Egypt at 2002 for producing sunflower kernels for
oil industrial and other purposes. The hulling machine performance indicated low
hulling efficiency, high kernels breakage and low production. The aim of this
research is to develop and evaluate the previous machine for hulling sunflower
seeds at the Agricultural Engineering Workshop, Faculty of Agriculture, Minoufya
University. Experiments were conducted to optimize the operating parameters of
sunflower hulling machine for maximum hulling efficiency with minimum
breakage kemnels and increase the production . Different attempts were made to
adopt the sunflower to improve the hulling machine performance

The hulling was performed using a range of hulling rollers speed ratio(1.2,
1.4, 1.6 and 1.8), clearance between hulling rollers( 2, 3, and 4 mm) and feed
rates(300 and 500 kg/h) at different levels of moisture contents{6, 8 and 10% d.b.).

The operational parameters for the optimum operational efficiency are:
3mm clearance, 1.6 speed ratio, 500 kg/h, and (6-8%) moisture content

Mathematical equations based on linear regression were developed to
describe the hulling efficiency, the broken percentage and the energy consumption
of the hulling machine as a function of roll clearance, roll speed ratio, sunflower
seeds feeding rate and moisture content

INTRODUCTION

Sunflower seeds crop are one of world's leading oilseed crops, it
followed the soybean crop for total oil production. The oil production in
Egypt has a great problem due to high gap between production and
consumption. The production of both cotton and soybean crops, which
considered the main source of oil production. Therefore, the direction
toward untraditional oil crops such as sunflower seeds becomes more
intended. Otherwise, sunflower seeds deem to replace sesame in the
production of halawa tehineia and tehina. From the economical,
technological and nutritional point of view in food industry (Radwan, 1987),
the use of sunflower seeds tahina as fresh tahina or in suitable sunflower

halawa manufacture is more reasonable.
Sunflower seed has a dry brittle hull enclosing a whitish kernel with a thin
translucent skin coat. Sunflower seed (Vodic variety ) contains 37.5% oil.

* Lecturer of Agricultural Engineering, Faculty of Agriculture, Minoufiya
University.
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The high fiber, low protein, low oil (1%), high wax and coloring matter
content of the hull are major constrains in getting a better yield of oil and
good quality of protein. An integrated cost effective process is now available
to obtain superior quality oil as well as meal.

Sunflower seeds need to hull, therefore an efficient hulling machine is
needed. The sunflower husker used either for direct seeds consume or for
hulling before oil pressing.

Allen et al., (1983). mentioned that Sunflower is the second most
important source of vegetable oil in the world, second only to soybeans.
Sunflower was developed

as the primary oilseed crop in the Russia and has been widely in
Europe, Argentina and Australia, since 1966. Qil seed of sunflower has
become an important economic crop in the U.S.A, and Canada. It represents a
vital source of vegetable oil. However, it plays a vital rule in oil production in
the world, it produce about 15.5% of world oil production.

Hulling is a process of removing hulls from the oil bearing seeds for
obtaining high quality edible oil by the processing of kernels, this reduces
fibrous content of meal and increases the marketability as stock feed. About
99% of oil is stored naturally in kernels and the hulls contain not more than
1% oil. If the hulls are not removed they reduce the total yield of oil by
absorbing or retaining oil in the pressed cake. In addition to this the wax and
coloring matters present in the hulls get mixed with the expressed edible oil.
This necessitated the refining process, and therefore, increase the production
cost of edible oil, moreover, processing oilseeds without hulling reduces the
capacity of the extraction equipment in addition to more repair and
maintenance charges. A large proportion of oil is retained by the high
percentage of hull of oilseeds. If the hulls are removed from the seed before
processing, it would yield comparatively more volume of oil. Approximate
sunflower hulls: Kernel percentage is 25% : 75% and the percentage of oil in
whole seeds, kernels and husk are 22-36, 36-55 and 1-2 respectively,
(Canada, 1998).

The present investigation was carried out with the aim of develop and
evaluate the machine for hulling sunflower seeds. A series of experiments
were conducted to specify the optimum conditions of hulling operation,
which insure the highest grade of hulling efficiency with minimum
percentage of broken kernels and net energy consumption

REVIEW OF LITERATURE
Sunflower is considered as one of the most Egyptian leading oilseed
crops. It could be planted in several soil types under varied climatic condition,
It needs a short growing period and can be harvested at moisture content
ranged from 17 to 20 % (w.b.). (Gomaa et al., 2000).
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Herdish (2000). mentioned that, sunflower can be store at 10%
moisture content or below. Aeration can be helpful in drying seed down to
10% or below. A moisture level above 10% resulted in crusting and mold on
the top layer in the bin. Long-time storage is usually 12 months or less and no
need to store sunflower longer than a year.

Many investigations reported that physical characteristics of seeds
such as shape, size, volume, and surface area important in solving many
problems associated with design or development of specific machines besides
used in analysis the behavior of the product in handling of the material

Generally, hulling process efficiency is dependent upon seed variety,
purity, percentage of mature kernels, moisture content, crackage, duration of
storage, hulling techniques, pre-milling procedures ( harvesting, cleaning and
drying methods) and degree of polishing (Takai and Barrdo, 1981).

Hulling of sunflower seeds are carried out by using various kinds of
equipment, ranging from simple to modern equipment. In Egypt, three types
of rubber roll huskers are being used a great deal in the milling industry. One
type has two rolls that rotate in opposite directions at the same angular speed
but their diameters are different. The other type has two rolls of the same
diameter but they rotate at different angular speeds. The clearance between
rolls in these two types are adjusted manually by a hand wheel. A third
and more modem type differs from the two other types. It has a pneumatic
pressure control by which the clearance is automatically adjusted according to
the feed rate.

Many investigation designed and tested various forms of milling and
shelling machines.

Soliman (1987). studied the hulling characteristics of two types of
rubber roll huskers using short grain rough rice reported that, hulling
efficiency, broken percentage and power consumption for a husker machine
are affected significantly by roll clearance, feeding rate and speed ratio
adjustments. Proper selection of clearance adjustments speed ratio and
feeding rate plays a major role in the effectiveness of the milling process as it
improves the hulling efficiency. The operational parameters for optimum
operational efficiency were 1 mm clearance, 1.5 speed ratio, 1 kg/min feeding

rate for the husker machine(THU-35A) and 3.5 kg/cm pneumatic pressure
and 90 kg/min feeding rate for the Husker machine (HR-10MPC) at constant
speed ratio of 1.25. Soliman (1987), concluded that, the power requirement
for process of paddy husking and the types of energy affecting the paddy
kernels in the hulling zone was derived for all operational parameters as the
huskers. Ibrahim (1987), studied the feasibility of using the rubber roller
husker machine in shelling Egyptian peanuts. He used different clearances,
speeds and moisture contents for peanut. He found that rubber roller husker
machine provides satisfactory levels of shelling Egyptian peanuts.
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Tayel and Khairy (1988), designed and tested a sunflower prototype-
shelling machine. They studied the effect of spinning disc speed, diameter
and coefficient of friction between seeds and the impact surface on shelling
efficiency. They concluded that, sunflower seeds could be shelled by impact
method with reasonable efficiency reaching 90%, the speed of spinning disc
should range between 4000 to 5000 r.p.m with 2mm clearance which gave the
best shelling efficiency. The impact surface must be made frame rough and
hard materials. The roughness needed for the rubbing action tends to separate
hulls from sunflower seeds, while the broken kemels reached 40% at
recommended speeds.

Abd el-Magieed (1989), carried out experiments to determine the
suitability of rubber roller husker (with speed ratio between the rollers 1.2)for
lentil hulling. He indicated that using a rubber roller husker for hulling lentil
grains is more economical than the traditional.

Ibrahim (1992), study and asses parameters affecting rice grain broken
percentage during milling process on local rice husker machine. He found that
the improvements which were made on the local machine increased the
milling efficiency by 10% and 15% and decreased the damage percentage by
7% and 22% for G-173 and IR-28 rice varieties respectively.

Ismail (1994), studied the possibility of utilizing and developing a
local rice husker machine for lentil hulling. He concluded that the hulling
efficiency may be influenced by different parameters like drum speeds, types
of drum , coefficient of friction, diameter and the length of hulling impact
zone,

Many investigators designed and developed a peanut Sheller machine
for the small farms (Farag, 1996 and Helmay, 1999), they concluded that the
shelling and breakage percentage efficiency, depending on drum types, drum
speed, concave type and clearance between drum and concave, moisture
content of grains.

MATERIALS AND METHODS

Sun flower seeds (Vidoc variety), which commonly grown in Egypt,
taken from Qil Crops Institute, Ministry of Agriculture and have been used in
this study.

Table (1) shows the physical characteristics of the mentioned seeds
variety. All measurements were carried out and analyzed at the Agric. Eng.
Laboratory in Agricuitural Engineering department. Faculty of Agriculture,
Minoufiya University.

The moister content of samples was about 10% (d.b.)which were taken
without any drying process. With the help of these properties .is easy to
determine the engineering parameters for the seeds hulling and separation
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machines suitable work with the sunflower seeds variety under study. The
following measuring instruments were used in the present work:
-A caliper electronic gauge used (vernier clippers) for dimensional properties
determination such as seeds length, width and thickness.
-Repose angle meter was used to measure the angle between the horizontal
base and the inclined side of the formed cone due to a free vertical fall of the
seeds (El-Raie, 1998).
Rigidity force of seed was measured by using the digital force gauge
apparatus (Effe-Gi, Ravenna, Italy, MT).
-Friction angle for samples was measured against iron and rubber was
measured according to the method stated by Mohsenin, (1970).
-Rotational speed of rollers was measured by means of amulti- range hand
tachometer (Model: Smith GO 341).
The electric power (P,Watt) was calculated based on current intensity (I,
Ampere)and the voltage(V, volt) measurements.(Soliman and Abd El
Maksoud, 2001).

P=cos?.1.V
where:
cos ? = power factor (being equal fo 0.85)
V = Voltage (220 volr)
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Table 1. Some physical of sunflowe¥ seeds eharacteristics (Vidoc variety)

characteristics Mean (x) | Standard deviation Coefficient —[
) of variation {C.V.)
Length(Z)mm 12.22 0.65 53
Width(w)mm 5.95 0.46 7.73
Thickness(f)mm 3.83 0.43 11.22
Geometric  diameter 6.4 0.42 6.56
{Gaymm
Arithmetic diameter 7.3 0.38 31.66
(Az)mm
Area of flat surface 56.13 5.88 10.47
(A)mm’
Area of transfer 17.7 3.02 17.06
surface (A4,)mm
Sphericity % 5244 3.41 6.5
Volume mm’ 144.49 26.98 18.67
Rigidity force (¥)
a - Longitudinal 25.8 4.24 16.43
b- Lateral 18.3 2.67 14.59
c- Transverse 12.9 4.47 34.65
Angle of repose 31.2 1.81 2.59
Friction angle
a- iron steel 23 0.82 3.56
b- rubber 54.7 3.68 6.72
_ _
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-The moisture content was determined by the oven method (105° for 24 hrs)

To meet the practical objectives of this paper a series of pre
experimental tests were carried out on a local hulling machine which was
available in the Public Service Center, Minoufiya University. The
modification was carried out in the Agric. Eng. work shop, Faculty of
Agriculture, Minoufiya Univ.

The old designed of this machine consists of two horizontal tangential
tooth rollers steel (25¢m Diameter, 100cm length, and 2 tooth/cm) rotates
inside the hulling chamber in apposite direction(350 r.p.m). The rollers driven
by electric motor (7.5 H.P. with 700 r.p.m.). A feeding hopper was fixed over
the hulling chamber to feed the sunflower seed. It was manufactured from
galvanize smooth iron sheets (100x75 em) and had two adjustable walls to
obtain the proper slope for the seeds to slide smoothly between the hulling
drums, there was a feeding gate in the hoppers base to control the feeding
rate. Inclined smooth groove for receiving the product outlet was fixed under
the hulling drums. The pre experimental results of the undeveloped machine
after one pass of feeding material (300 kg/h) between the rollers indicated
that, the sunflower hulling efficiency was not satisfactory (about 25-50%),
broken kernels was very high (about 40-50%) and unregulated feed rate was
noticed.

The developed (modified) machine was sketched as shown in Fig.(1)
To develop the hulling machine various accessories were fitted to the local
machine. Mechanical feeding system was added to feeding hopper to regulate
the feeding process. It consists of a feeding sieve (100x75 cm) to move the
big chaff and other debris which mixed with the seeds. Also feeding tooth
steel roller was added(12cm diameter and 100cm length) rotates inside the
hopper (350 r.p.m) which causes rows of sunflower seeds to move into the
seed hulling zone between hulling rolls. The feeding rate of seeds is able to be
adjusted by a shutter concealing a small distributor roller. Adjusting roller
speed and clearance between the feeding roll and inclined walls of the hopper
regulates the feeding rate. The feed rates used were 300 and 500 kg/hr, The
hulling rollers is provided with hard rubber j/s 85° . The clearance between
the two surfaces must be smaller than the mean thickness of the sunflower
seed, A regulating wheel makes it possible to control the clearance between
the rollers. The clearances used were 2, 3 and 4 mm. The hulls covering the
kernel are first compressed. The part of the hull which hits against the roll
with the higher peripheral speed is subjected also to shearing forces. Hulling
is achieved by the action of these two forces.
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Fig. 1: A sketch of modified hulling machine.
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A simple variation speed was used to give the required hulling rollers
speed. The difference in hulling rollers speeds causes the hulls to be crushed
and removed from kernels. In this study, the lower speed is fixed at 350 r.p.m.
and the higher speed can be adjusted to 420, 490, 560 or 630.Therefore, four
Ievels of speed ratio used were 1.2, 1.4, 1.6 and 1.8. The slope of inclined
smooth channel for receiving the mixture of out let was increased to be 50° to
increase the velocity of out let mixture. Three levels of seed moisture content
were used 6, 8, and 10% (d.b.)

Sunflower seeds were fed in the hulling machine and random samples
of outlets were taken to indicate the machine performance at different
investigated parameters. Each sample was divided into separate parts by
visual inspection and the weight of each part
was recorded according to: total mass of sample (M), mass of broken kernels
(M,), mass of unshelled seeds (My).

To estimate the effect of previous parameters on sunflower hulling
quality three calibration terms were used namely the percentage of broken
kernel(B%), hulling efficiency (H%), and net consumptive energy (E,
W.hkg)
the broken sunflower percent was determined according to (Ismail,1994) and
(Abd-Elmagid, 1989) as follows:

B(%)= (—%‘) X 100

M, = mass of broken kernels, g.,

M= total mass of the sample, g.
the hulling efficiency (H%) was calculated according to :(Tayel and

Khairy,1998)as follows:
M,
H(%) = 1——M— x 100

M= mass of unshelled seeds g.,
M= total mass of sample g.
Net power requirement was calculated by the following formula:
Net power (p) = Electric power (load) - Electric power (no load)
Net consumption energy was calculated by the following formula:
E=P/R

where:
E = Net power consumptive, (w.h./kg),
P = Net power, (W),
R = Feeding rate, (kg/h).

The experiments were arranged in a randomized complete block
design using factorial analysis of variance with three replicates. The analysis
of variance was executed by SPSS program.
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RESULTS AND DISCUSSION

The results for the modified hulling machine are shown graphically
in Figures (2, 3, and 4). Significant differences of hulling efficiency, broken
kernels percentage and power consumption were found to exist for the
different feed rates within each levels of clearance, rollers speed ratio and
moisture content of seeds. An analysis of variance was made on the hulling
efficiency, broken percentage and power consumption . The results showed
that there was a significant effect of each factor, however , the clearance has
the highest significant of all. Also, there were significant interactions
between each two factors.

Fig. (2) shows that, the hulling efficiency of sunflower seeds
decreased as the clearance between rollers increased under the other
variables. It was observed that, increasing clearance from 3 mm to 4mm, the
decreasing rate of hulling efficiency is more than the decreasing rate of
clearance from 2mm to 3mm. This may be due to that, any increment in the
clearance more than 3 mm, led to be the clearance more than the thickness
of most the seeds. The highest value of hulling efficiency was remarked
(97.5) at 2 mm clearance, 1.8 speed ratio, 300 kg/h feed rate and 6%
moisture content of seeds.

However, data and Figures showed that the hulling efficiency,
broken kemnels percentage and power consumption were the highest at the
smallest clearance. The effect of the speed ratio was more pronounced at
low levels of clearance but had very little effect on broken percentage at
high levels of clearance. This is an agreement with Soliman (1987), Maher
(1987) and Abd El-magid (1989) who used an rollers machines in husking
rice and stated that "increasing the clearance means increasing the
percentage of unshelled paddy".

The effect of feeding rate was more pronounced at the low levels of
clearance. As feeding rate increased at low levels of clearance the broken
percentage and power consumption increased but the hulling efficiency
decreased especially at low levels of seed moisture content. This decrease
of hulling efficiency and the increase of broken percentage may be due to
possible grain to grain contact instead of grain to rubber contact as more
sunflower seed could pass through the same clearance than that is normally
expected at smaller feed rate. In this case the resilience of the rubber and
therefore it is hulling action is not fully utilized resulting in lower hulling
efficiency and more breakage. This is in agreement with Soliman (1987).
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11 seems to be more economical to use the machine at 3 mm with 1,6
speed ratio rather than 2 mm clearance and 1.8 speed ratio because hulling
efficiency are very close at summits and at the mean time its broken
percentage is quite low. And will not make a serious problem because the
low percentage of broken kernels not affect the production of oil and
technical on other products, but the problem will appears in the separating
operations depending on terminal velocity.

A computer program for multiple regression analysis was used to
describe the hulling efficiency(H%),broken percentage(B%) and net energy
consumption(E, W.h/kg) as functions of clearance (C, mm), speed ratio(S),
moisture content(M%) and feeding rate (F, kg/h), the following linear
equations were obtained.

H% =100.297 - 20.223 C +41.039S-0.012F -3.457M (R? =0.86)
B% =10.835-5256C+18.722S+0.004F - 1.743 M (R*=0.87)
E =6507-1596C+52195-0.011F+0.156 M (R*=0.92).

The hulling efficiency which reflects the amount of shelled
sunflower seed after a single pass hulling is considerably high in the
clearance range from 2mm to 3mm. At a clearance in the range higher than
3mm, the hulling efficiency drops significantly but the power consumption
is getting low. As clearance decreased below 3mm the power consumption
rose significantly as shown in Fig. (4).The broken percentage is inversely
related to roll clearance. As clearance decreased the broken percentage
increased linearly as shown in Fig. (3). Also, was observed that, the mean
values of hulling efficiency decreased when the moisture content increase
from 6 to 10% but the decreasing rate from & to 10% was more than the
decreasing rate when moisture content increase from 8 to 6%.The effect of
moisture content on hulling efficiency and broken kemels is neglictable at
high levels of clearance(4 mm) and speed ratio (1.2).

The operational efficiency was maximum(91.5%) at roll clearance
3mm, speed rates 1.6, seed moisture content 6% and feeding rate 500 kg/h.
these operational parameters are considered the optimum.

Fig. (4) illustrated the power consumed as affected by the interaction
between clearance and speed ratio of rollers at different moisture content
and two levels of feeding rate. We can observed that the power consumed
scemed to be affected by clearance with the increase of speed ratio from 1.2
to 1.8 at all levels of moisture content and feeding rates.

Misr J. Ag. Eng., April 2005 726



500 kgth 300 kg/h
" TN ™
M.C .10 % M.C..10%
—— 4 mm —&— I,mm —H—2,mm :—0—-— 4mm & 3,mm —Hh— 2..E1ﬁm'.5
35 q 45 - ——
* = 2]
" [%] 4
§ i>
F 20
g £, 1
£ €
-] &
s £ 10+
[ o 5
y T 0 . . -
1.2 1.4 16 1.8 1.2 1.4 16 t 8
Speed ratio Speed ratio
L AN _
b N S
M.C..8% M.C., 8%
—— 4 mm —8— 3, mm -—0—-2,mmj 3s —&— 4 mm —&— 3 mm —&— 2 mm
35
=¥ t
n 25
H
E 20
= 15
£
o 10
5
0+ r T 1 r T
1.2 1.4 16 18 12 1.4 16 18
Speed ratio Speed ratio
L JL R
Ve T 4 . ™
M.C., 6% M.C., 6%
F’—4'mm —%— 3mm —&—2,mm |—O-4,mm ke 3,mm —&—2,mm
35 ~ 339
® 301 * %01
4 251 2 254
£ 20 j § 204
- x
= 1§ c 151
] 1]
+ 10 * 10
@ 5 @ 5 1
0 T r — o T T T —
1.2 1.4 1.6 1.8 1.2 1.4 16 18
Speed ratio Speed ratio
. AN _

Fig.3: Effect of rollers speed ratio on broken kernels percentage,
% at three levels of clearance, moisture content and two feeding

rates

Misr J. Ag. Eng., April 2005

727



500 kg/h 300 kg/h

(u'n 10 r gu - j
g. 9 ;‘ 12J
2 e = :
g 7 ,%10‘ .
£ _ e
g‘. : / E [} ,_--'""
E & 8 6 B
9 )
R B o4
g 2 5 2]
2 0+— — I z 0 - . -

1 1.2 14 1.6 1.8 2 1 1.2 14 16 18

' speed ratio speed ratic.

—4—4mm  —E—3mm -a—zrm1J e—4am —— Py
| —— \ 3mmn —t— )
a -

iz Y gu 1
F10 4 g ¥ S
s 1 g 10
%n s 8
E gl &7
3 r —
3 3 L,
5 B«
g2 S 2
A S Yo
4 12 14 16 13 2 12 14 16 18 2
speed ratio, Speed ratio.
L L+4nm —&-—3mm —a—me] J r—4—4mm ——¥m i 2Zmm —Ij
’ .
D'.T m1‘w w
31 £, ]
1
;] £
B - £
4
§¢ £ e
B 4
% 21 4
: g
%1' w 2{
z0 — - T ] T
1 1.2 14 16 18 2 zZ 0 - . —
speed ralio. 1 1.2 14 1.6 18 2

L L_"_"‘““ —&—3mm —b—:mmj

Fig.4: Effect of rollers speed rati

[—o—tmm —®—3mm —o— 2mm | J

© on net energy consumption.

(W.h/kg) at three levels of clearance, moisture content and two

feeding rates

Misr J. Ag. Eng., April 2005

728



The power consumed decreased when the clearance increase from 2
to 4 mm at all M.C. and speed ratio, it was observed that, increasing of
speed ratio from 1.2 to 1.8, led to increase the rate of power consumed at
2mm clearance more than the increasing rate at 4mm clearance. Also
noticed that, increasing of the feeding rate led to increase the power
requirement (W) but the net energy (W.lvkg) decreased. In general results of
developed rollers machine for sunflower hulling gave more much acceptable
results than the old machine

CONCLUSION

From the results presented, the following conclusions may be drawn:
1-using the developed local machine for sunflower hulling is satisfactory
and succeeded for purpose as a step forward to the complete design.
2-Hulling efficiency, broken kernels percentage and net energy consumption
for a hulling machine are affected significantly by roll clearance, speed
ratio, seeds moisture content and feeding rate adjustments.

3- Proper selection of clearance adjustments speed ratio and feeding rate
plays a major role in the effectiveness of the hulling process.

4.Using moisture content in the range of 6-8% (d.b.) for hulling
recommended to increase the efficiency, decreasing moisture content under
this range caused increasing of broken kernels and will affect oil seed press
at oil production.

5- The optimum operational conditions of the developed machine can be
obtained by adjusting the machine to 3mm clearance, 1.6 speed ratio and
500 kg/h feed rate at 6 to 8% moisture content.

Under the specified optimum operational conditions the huller yields a
hulling efficiency of (89-91.5%), a broken percentage of (14-16.5) and net
energy of (5.04 -7.3) at feeding rates of (300 -500kg/h) respectively.
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