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BASIC DESIGN CRITERIA OF EXPELLING MA-
CHINE FOR EXTRACTING WHEAT GERM OIL
El-Nono M.A. *; A.M. Abdel-Gawad ™
ABSTRACT
An expelling machine for extracting wheat germ oil was designed and
fabricated. The study included the investigation of the design criteria re-
lating to hopper dimension and screw shaft parameters (outer diameter,
pitch, thread depth, thread width, thread length, lead, lead angle, tapered

angle, and number of turns on the screw shaft).

The expelling machine was tested and evaluated at five screw speeds (25,
35, 45, 55, and 65 rpm) and four levels of press head clearance (0.5, 1,
1.5, and 2 mm) to determine the best machine capacity; percentage of oil
recovery; percentage of residual oil; and specific energy consumption.
The results showed that, the maximum machine capacity was 39 kg/h of
raw material at 2mm outlet clearances, and 65 rpm of screw speed. The
best operating pressing conditions for the wheat germ oil recovery was
45.7% at the 25 rpm of screw speed and 0.5 mm press head clearance,
when the required specific energy was 0.0232 kWh/Kgseeg.

1. Introduction

he shortage of both edible as well as non-edible oils and fats for

industrial use has been continuing in Egypt for the past three

decades. A local production of the vegetable oils is meager
compared to their demand, so the shortage is met through imports from
various sources. Undoubtedly, the agricultural sector should be endeav-
oring to minimize our dependence on imports but scientific and techno-
logical improvements also have a major role to play. In order to meet
this shortage in oil, new vegetable oil resources are being sought, like
wheat germ oil and rice bran oil.
Wheat germ, a nutritious by-product of flour milling industry constituting
2.5-3.0% of the grain can be separated in a fairly pure form by using a
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germ separator or by suitable adjustments in milling techniques. Wheat
germ contains highly concentrated nutrients: 3 times as much protein, 7
times as much fat, 15 times as much sugar and 6 times as much minerals
when compared to wheat flour. Additionally, wheat germ is the richest
source of tocopherols (Dunford, 2005).

Statistical data on wheat germ production is not readily available. How-
ever it can be estimated that about 340 thousand tons of wheat germ
could be obtained from wheat milling operations based on the fact that
germ constitutes about 2% of the whole wheat grain and about 17 million
metric tons of wheat in Egypt was consumed in 2009 (FAO, 2010). Even
though it is a minor milling by-product, it is valuable owing to its nutri-
tional and pharmaceutical properties (Bass, 1988). The well-known bene-
ficial effects of wheat germ oils are basically due to their high content of
vitamin E (Saito and Yamanchi, 1990) and unsaturated FA, mainly lino-
leic acid (18:2). Wheat germ oil has been shown to reduce plasma and
liver cholesterol in animals and to delay aging (Horrobin, and Manku,
1983; Kahlon, 1989; Tong and Lawrence, 2001). Nevertheless, be-
cause of its unfavorable baking properties and susceptibility to oxidation,
the germ is removed from the endosperm during milling and is mainly
used for fodder and for oil production (Appelt, 1986).

Wheat germ oil is obtained either by solvent extraction, which recovers
about 90% of the oil, or by mechanical pressing, which recovers about
50% (Singh and Rice, 1979). Khan and Hanna (1983) reported that to
obtain greater extraction efficiency it becomes necessary to use powered
devices and an oil expeller is the most common one. A whole range of
expellers are available with capacities ranging from a few kg/h up to
tons/h, they all work on the same basic principle. The raw material,
which may have been previously heated, it is fed by the worm shaft into a
horizontal cylinder. A controllable pressure is built up in the cylinder by
means of an adjustable choke at the cylinder exit. The internal pressure
ruptures oil cells in the material and oil flows out through perforations in
the cylinder cage.

Dhale and Modak, (2011) reported that his screw press method is less
capital intensive, technically less extensive, compared with the solvent
extraction method and less labor-intensive than the aqueous method. It is
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also continuous, unlike the hydraulic and the aqueous methods that are
done batch wise. Also before solvent extraction method is applied, the
oilseed is pre-pressed, hence these advantages of the screw press over the
other methods make screw pressing popular and inevitable in future
oilseed processing. To increase vegetable-oil production therefore, a good
understanding of the working principles of the screw press is desirable.
Bredeson (1983) stated that the optimum condition in oil extraction is
not only to obtain maximum oil yield, but also high quality products, i.e.
oil and cake. For optimum performance, screw presses are designed for
specified usage. In the laboratory, small quantities of oil are usually re-
quired for analysis; hence it is desirable that handle small quantities of
oil-seed be provided. Although there are small-capacity screw presses in
existence, the importation cost of such units is prohibitive; it is therefore
desirable that the units be fabricated locally.

The purposes of this work were to determine the basic design criteria of
expelling machine for extracting wheat germ oil, and evaluate the various
factors affecting of machine performance.

2. MATERIAL AND METHODS

2.1. Expelling machine description and operation:

An expelling machine for extracting oil from wheat germ was designed
and fabricated. As shown in Figs. (1) and (2), the machine components
are: 1) Hopper (feeding inlet) to feed the materials into the feed end of
the barrel, 2) Expellant screw shaft and expellant barrel, 3) Power unit
(electric motor 4.1 kW and 1440rpm), 4) Power transition (pulleys, V-
belt and speed reducer (gear box)), and 5) Main frame where all the ma-
chine components were fixed. It is made of hollow square iron pipe
(40x40x40mm) and has the dimensions of 1100mm length, 650mm width,
and 1150mm height.

The screw with tapered inner shaft (360mm length, 60mm outer diameter,
1.5° taper angle) is designed, with constant pitch (59 mm), where the annu-
lar area is decreasing along the length of the screw shaft. It was made from
austenitic steel (i.e. 0.3% C, 18% Cr, and 8% Ni) and mounted between two
bearings at ends. The barrel consists of 24 flat steel bars parallel to the worm
shaft and the cross section of each bar is slightly trapezoidal. The whole set
of the bars are functioned as lining bars which are fixed inside the surface of
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the cage, and acted as screen allowing the oil to pass but not the solid.

The main function of the present expelling machine is to compress wheat
germ to produce oil and cake by expression procedures. The raw material is
fed into the hopper of the expelling machine, and pass through the screw
shaft, where the thread depth is reduced linearly allowing the wheat germ to
be compressed between the inside walls of the barrel and the screw shaft up
to the end of barrel where the cake is drained out. Oil is leaked out from the
gaps between the bars of the barrel.

The expelling machine was tested for determining the best productivity and
power consumption at five screw speeds (25, 35, 45, 55, and 65 rpm) and at
four levels of press head clearance (0.5, 1, 1.5, and 2 mm).
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Fig.1. Schematic diagram of an expelling machine.
(1) Main frame (2) Electric motor (3) V-belt (4) Gear box
(5) Hopper (6) Barrel (7) Flange (8) Screw press (inside the barrel)
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Fig. 2. Photograph of oil expelling machine.

2.2. Design calculations:

2.2.1. Hopper

Hopper shape was selected as frustum of a cone. It was fabricated from
stainless steel sheet, the dimension and volume of the hopper was calcu-
lated based on the fact that the inclination angle of hopper (6) must be
greater than or equal the repose angle of wheat germ (¢),i.e.0 > ¢.
The repose angle (¢) was measured by using funnel methods
(Chakraverty, 1987), and it was found equal to 35°, so the inclination
angle of hopper (0) was taken as 36°.

Theoretically, the hopper volume design must be adequate to the required
wheat germ capacity (the volumetric flow rate). So, if the maximum re-
quired flow rate ( m ) is 30kg/h, then

Where:
Q= Theoretical volumetric flow rate of wheat germ, cm®/h.
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mm = The maximum required mass flow rate.
p = Wheat germ bulk density. It was 0.5 g/cm®, where the weight
of 100cm?® of uncompressed wheat germ was measured as 50 grams).
30x1000 4.3
= Q; =———=6x10"cm”/h
0.5
If the feeding efficiency #; (due to slippage of wheat germ inside the sys-

tem) is taken as 90%, then,

4
Qo = @& 6215 6.67x10%(cm®/h) ... )

f

Where, Qq is the actual volumetric flow rate of wheat germ, cm*/h

If the required time interval (tin)) between filling and re-filling up the
hopper with raw material is 15min, and hopper volume efficiency (5, ) is
taken as 90%, then,

Qau Xtiny _ 6.67x10* x15

act int

7, 60 0.9

V, = =18.53x10°cm? ........ (3)
Where, V4 is the hopper actual volume, cm®.
Since the lower hole diameter of the hopper (dy) should be greater than
or equal the screw pitch (P) in order to be large enough to prevent chok-
ing.

=dy>P = dy>59mm = dy was taken as 70mm.
The under hole diameter (Dy), height (hy), and sidelong length (x) of the
hopper (frustum of cone shape) were calculated using the following

equations (Harris and Stocker, 1998).
12V,

Ny = 4
" 7.(D?+D.d, +d?) )
And,
tanHZ(Dh;dhj/hh ...................................... (5)
By solving equations 4 and 5, Dy = 47.5 cm, and h, = 27.85 cm,
D, —d, )’
Then, S, :\/( h 5 h) +h? =34.43cm ... (6)
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Where:
Dy, = Upper hole diameter of the hopper, cm.
hn = Height of hopper, cm.
Sh = Sidelong length of the hopper, cm.
Table 1: Showed the specification of suitable hopper dimensions of the
expelling machine.

Vi = 18.53x10%cm® hy, = 27.85cm
Dy, = 47.5cm Sy = 34.43cm
dn = 7cm 0 = 36°

2.2.2. Screw Shaft.

The main view of the screw shaft is presented in Fig. (3). It is a tapered
inner screw shaft where the pitch is constant (59mm). The axial length of
the screw shaft (Ls) is measured as 360mm. It has 6 threads (number of
turns of the screw shaft, N), single thread, outer diameter (ds) of 60mm,
and the tapered angle is selected to be 1.5° (0.02618 rad), Oyinlola and
Adekoya, (2004).

YT

Y
-
AN A
‘l\_ AW\ \ WL \ W \ p
Fig. (3): Main view of screw shaft.
2.2.2.1. Screw Parameters:
A) Screw pitch (P).

Pl 350 aomm @
N 6

Where:
Ls = Axial length of the screw shaft, mm
N = Number of turns on the screw shaft.
It was taken as 59mm.
B) Lead (I).
I=P=59mm ..o, 8)
C) Lead angle ().
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As shown in Fig (4), the lead angle was calculated using the following

equation.
59

T X

.. A1=17.38" =0.302rad

tan L= (P / nds) =

Where:
A =lead angle, rad;
ds = Outer diameter of screw shaft, mm.
D) Thread length (Ly).
The thread length of the screw per one turn (L;) can be calculated using
the following equation.

d 2
L, =27 (?j +P? 1:2 air, 2006).......ccvueeeieei (10)

2
s L =27 (G—ZOJ +59 =415.88mm

E) The total thread length (helix length) ""L+":

Lt =415.9 x6= 2495.4mm
F) Thread depth (H)
The linear decreasing in the thread depth (H) along the total thread length
is show in Fig.(5), and it is given by following equation (Sari, 2006)

H,—H
HOX) = =2 X Hy (12)

S

Where (X) is the measured distance along the helix length of the screw
shaft from the inlet to the outlet. It is clear that the thread depth H, is
equal to zero at the last point of the screw (at the cake drainage), and it is
equal to Hy (maximum thread depth) at the first point of the screw (at the
feeding inlet).

Since the tapered angle may be written in terms of H; and H; as the fol-
lowing:

H
% = Hy=Lstana+Hy ..oovvevei (13)

S

tana =
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-.H,; =360tan1.5" +0=9.43mm
Where:
H: = Height of the thread at the starting point of the turns of the screw
shaft, mm. (It was taken as 10mm)
H, = Height of the thread at the end point of the turns of the screw
shaft, mm.
Z = Variable distance measured along screw helix.
a = Taper angle of the screw shaft.
Now, the thread depth H(X) at any point (X) along the total thread length
could be determined by using equation (12).

Height (H)
'\
H,
H» >
0 Lon
Fig. (4): Pitch and lead angle Fig. (5): Graph of height distribu-
tion through the screw shaft.
G) Thread width (t):
Pressure distribution is assumed t 1se along the helix length of the

screw in the third order a Lt ed n Fig. (6) (Sari, 2006). So, the

maximum pressure (P,) occurring at the cake drainage zone and applied

on the threads area at the last turn of screw, which is determined as the
following equations.

T — 60.P

27.n
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T, = 60x388 _ o \m Pressure (P)
27t <65 A
While,
T P, ;
S .
P, = ————(Sabelli, 2004) ....... (15)
Vdisplacemmt
Qac
Vdisplacemmt = t
n P, __ -
4
_ 66710 - =1.71x10°m’ 0 Lt
65x60x10 Fig. (6): Graph of assumed pressure
. 57 distribution on the screw shaft from
P, = 171x10"° the inlet to outlet (Sari, 2006).

=3.33x10° N/m? = 3.33MP,

oY
(0.06/2)

But, the maximum unit force applied on the threads occurs at the last turn of
Screw.

=1900N

Then, t=

~ 1900
" 3.33x10° x0.4159

By using factor of safety =3 = t = 4.11mm. Then, (t) was taken as 10mm.
Where:
Ts = Torque of the screw shaft, Nm.
P = The power requirement for oil extraction process, W (it was equal
to 388W, at 65rpm screw speed and 0.5mm outlet clearance).

~(0.00137m =1.37mm
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Visplacement = VOlume displacement per one revaluation, m?>(it was equal
to 1.71x10° m® at 65rpm screw speed when machine capacity
measured as 30.6kg/h).

P, = the maximum presser applied on the threads, MPa.

F,= the maximum unit force applied on the threads, N.

t = Thread width, mm.

2.2.3. Stress analysis:

The direction of moment, torque, reaction force, and pressure of the
wheat germ are presented in Fig.(7). It is clear that the torque moment is
collinear with the screw shaft axis, and the shaft that subjected to such a
moment is said to be in torsion, where the shear stress is given by the fol-
lowing equation.

T..
z, =K, 3r (SPOtES, 1971). - ooooeeoeoeooe (18)

Where the moment due to the weight of the shaft (M) is negligible com-
pared to the torque moment (Ts).

Since the maximum shear stress is acted at the maximum critical cross-
section of the screw shaft, where the shaft diameter is minimum (d,), as
shown in Fig.(7), then equation (18) could be written as:

T..(d,/2)
Toax =Ty = K £—14 ........................... (19)
321
Where, Ty =7, =0
T
3 P()

Fig. (7): Free body diagram of the screw shaft. (Sari, 2006)
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Where:

r = The radius to the inner diameter of screw shaft, mm (d./2);

d; : Smallest diameter of the screw shaft, mm.

J = Polar moment of inertia of circular cross section, mm* (nd;*/32);

K¢ = Stress concentration factor (equal 3, According to Unified and
American Thread Design)

Ms : Moment at the most critical cross section arising from the
weight of the screw shaft.

Rs : Reaction forces acting on the screw shaft at two ends.

W; : Weight of the screw shaft, N.

Tmax = Maximum shear stress, MPa.

_57x(0.04/2)
T
7 (0.04)*
2 (0.04)

=3 =13607747.6N /m? =13.6MPa

max

Using factor of safety (Fs) = 2, then the tma= 27.2 MPa which is less
than the maximum vyield strength of the screw shaft material that was se-
lected as austenitic steel which has yield strength (o6,) of 260 MP, (the
maximum shear stress for material (tmax= o, /Fs=260/2=130 MPa)

Table (2) Specification of major component of the model screw press.

Ls = 360mm L = 4159mm « = 1.5°(0.026 rad)
ds = 60mm Lt = 2495mm o, = 260MPa

d, = 40mm N = 6 Tox = 27.2MPa

H, = 10mm P = 59mm P, = 3.33MPa

t = 10mm Ts = 57Nm A = 17.3°(0.3 rad)

3._Performance Evaluation:
The expelling machine was evaluated at five screw speeds (25, 35, 45, 55,
and 65 rpm), and four levels of press head clearance (0.5, 1, 1.5 and 2mm),
at constant moisture content of fresh wheat germ (13.2%). By using the fol-
lowing indicators:
3.1. Machine capacity (kg/h) was calculated by the following equation:
Pn =Wy (20)
Where:
Pm = Machine capacity, kg/h.
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W = Machine feeding, kg.
to = Machine operating time, h.
3.2. Percentage of oil recovery (OR) was defined as the ratio of oil
weight in the product oil to original weight in the wheat germ that was
pressed (Beerens, 2007). It was computed as following:

OR = 1=y 10006 oo (21)
W, O

Where:

W = Mass of cake, g,

Oc = Oil content of cake, g;

W, = Mass of sample, g, and

Om = Initial oil content of sample, g.
3.3. Percentage of remaining oil was determined by using Soxhlet appa-
ratus technique and redistilled n-hexane according to the method of
(AOCS, 1996). Percentage of residual oil was calculated using the fol-
lowing equation:

Percentage of remaining oil = (Oc/Op) X100 ........ccevnent. (22)

Where:

Oc = Oil content of cake, g; and

Om = Initial oil content of sample, g.
3.4. Specific Energy Consumption (SEC):
The power requirement for expelling machine was calculated by using
the clamp meter to measure the line current strength and the potential dif-
ference value. The total electric power requirement under expeller work-
ing load was calculated according to (Chancellor, 1981) and (lbrahim,
1982) by the following equation:

P=(IXVXCoSO)L000 ......cccvvvririniiniiiiieeieieeeeeee e (23)
Where: P = The power requirement for extracting oil, KW.

| = Line current strength, Amperes.

V = Potential difference, Voltage.

Cos 0 = Power factor, equal to 0.85.
The specific energy consumption of expelling machine SEC (kWh/kg)
was calculated by the following equation.

SEC = (P/Pm) ceeeeeiii (24)
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4. RESULT AND DISCUSSION
4.1. Machine capacity (kg/h):
As shown in Fig. (8), the machine capacity increased with the increase of
screw speed, and decreased with the decrease of the outlet clearance. It
was increased by 43.1% by increasing screw speed from 25 to 65 rpm at
0.5mm of outlet clearance. Also, it was decreased by 30.9% by decreas-
ing outlet clearance from 2 to 0.5mm at 25rpm of screw speed. The max-
imum machine capacity of 39 kg/h was obtained with 2mm outlet clear-
ance and 65rpm screw speed. Meanwhile, the minimum machine capacity of
17.4 kg/h was obtained at 0.5mm outlet clearance and 25rpm screw speed.
4.2. The percentage of oil recovery:
Fig. (9) Shows that, the percentage of oil recovery increased with the de-
crease of the outlet clearance, while it was decreased with the increase of
screw speed. The maximum oil recovery was obtained at 0.5 mm outlet
clearance and 25 rpm of screw speed when a total of 45.7% of the availa-
ble oil in the sample was recovered. At 0.5mm outlet clearance the oil re-
covery decreased from 45.7 to 37.12 % with increasing screw speed from
25 to 65 rpm, while at Imm outlet clearance, it was decreased from 43.6
to 33.8 % and from 41.7 to 31.9% at 1.5mm outlet clearance. Meanwhile
at 2mm outlet clearance it was decreased from 39.9 to 29.6 %, with increas-
ing screw speed from 25 to 65 rpm respectively.
4.3. The percentage of residual oil:
Fig. (10) Indicates that, the percentage of residual oil decreased with the
decrease of the outlet clearance and the decrease of screw speed. It was
decreased by 9.7% by decreasing outlet clearance from 2 to 0.5mm% at
25rpm of screw speed. Also, it was decreased by 13.6% by decreasing
screw speed from 25 to 65 rpm at 0.5mm of outlet clearance. The mini-
mum the percentage of residual oil (54.3%) was obtained at 0.5 mm out-
let clearance and 25 rpm of screw speed. Meanwhile, the maximum the
percentage of residual oil (70.4%) was obtained at 2 mm outlet clearance
and 65 rpm of screw speed.
4.4. Specific Energy Consumption (SEC) (KWh/KQ feeq):
Results illustrated in Fig. (11), show that SEC increased with the de-
crease of the outlet clearance, while it had a little increase with increasing
of the screw speed from 25 to 65rpm at the same outlet clearance. At 0.5
outlet clearance the SEC increased from 0.0232 to 0.0243 kKWh/KQseeq
when the screw speed increased from 25 to 65rpm, respectively.
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5. CONCLUSION

The component design of a wheat germ oil expelling machine was suc-
cessfully carried out, and the machine is fabricated.

The machine capacity, percentage of oil recovery, percentage of residual
oil, and specific energy consumption are directly affected by screw
speeds and press head clearance, the results of the evaluation show that
the machine satisfies its objectives. The best operating pressing condi-
tions for the wheat germ oil recovery was 45.7% at 25 rpm screw speed
and 0.5mm press head clearance, when the specific energy requirement
was 0.023 KWh/Kgseeq.
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