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Abstract —The screw press il expellers are reported to be more efficient than all other methods of oil extraction. The oil seeds fed
through the hopper are crushed and transported by a rotating screw in a press barrel. Continuous transport of material by the screw
shaft causes the pressure to increase to a level needed, which increases the friction inside the screw press and generates heat which
lower s viscosity of the ail in the crushed seedsthereby increasing the oil flow rate. The oil and cake ar e usually collected at the oil outlet
and press cake exit.

Screw shaft is the main component of the oil extraction machine. Existing screw press oil expeller is the JY 200 machine with 220W
motor power and 1500r pm. The von-Mises stress of existing screw design is 94.11 M Pa and the modified screw design is 89.876 M Pa for
theoretical. In this research, the modified screw design is considered in order to improve the oil capacity, the efficiency and number of
cyclesto failure and then to reduce the von-Mises stress, defor mation and fatigue stress of automatic oil press machine by changing the
pitch of screw shaft for peanut oil screw press expeller. Peanut oil screw press expeller is easy to repair and easy to maintenance. This
machineisvery suitable for local production and operation.

Keywords -screw shaft, efficiency, oil capacity, Von-Mises stress, defor mation and fatigue stress, number of cycles.

. INTRODUCTION Screw type oil expeller is advanced oil processing
machinery, characterized by their high oil outpater with
good quality, simple design, easy to use and cootis
operation. Expeller's use a horizontally rotatingtah screw,
which feeds oil-bearing seeds into a barrel shapger casing
with perforated walls. The seeds are continuousty to the
expeller, which grinds, crushes and presses theuilas it
passes through the machine. The residue of therialaft@m
which oil has been extracted, exits from the mashand is
known as the cake. The percentage of oil expredsed

The most common method of extracting edible oilnfro expellers is nearly 90% depending upon the type land of
oilseeds is mechanical pressing of oilseeds. BEiracof products as well as the expeller being employed [4]
groundnut oil could be done in two major ways tisathe
mechanical and improved methods. The improved mieth(t)ra
consists of chemical extraction and mechanical esgion.
The chemical extraction method requires the usergénic
solvents to recover the oil from the products. Matbal
method involves the application of pressure to aalyepre-
treated oil-bearing products. It employs the usdefices like
screw and hydraulic presses as a means of applyiag
pressure [1].

The oil content of groundnut can contain up to 56#6
(although the usual range is 40% to 45%) and 2% %0t %
protein. Oil is extracted from groundnut throughther
traditional means (mostly dependent on human enerigy
about 20-30% of the oil extracted) or mechanicahnsewith
over 30% of the oil which have been extracted. Mesfetable
oils are recovered by grinding, cooking, expellargl pressing,
or by solvent extraction of the raw materials [1].

The oil seeds fed through the hopper are crushet an
nsported by a rotating screw inside a barrelnt@aous
transport of material by the screw shaft causesspre to
increase to a level needed, which increases fridgtiside the
screw press and generates heat which lowers vigoofthe
oil in the crushed seeds thereby increasing thdlami rate.
The machine components are the speed reduction, gear
expellant unit, drains collector, driving and drivgears, and
the hopper. The groundnut seeds were pre-heatedasying
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before extraction of the oil in it. The machine gax better
performance at the speed of 60 revolutions per tirand
improvement in the design can be achieved by iraratjpn a
heating chamber along the expeller barrel.

In this paper, the author intends to design thevecr
shaft and to calculate the stresses of peanutm@lspress oil
expeller. Figure 1 shows main components of theexjieller
[11].

Driving
unit

extracted is drained though the oil channel inte dil tray
where it is collected; the residual cake is disghdrat the cake
outlet and collected at the cake tray [1,10].

I1l. DESIGN CONSIDERATION OF SCREW PRESSOIL

EXPELLER

While designing the machine consideration includggh
oil yield and high oil extraction efficiency. Other
considerations included the simplicity in desigrd asasy to
fabricate the machine, be usable by anybody evémout any
previous technical training. Specification data $orew shaft
shown in following Table I.

TABLE |. Specification Data For Screw Press OipEher

Description Symbol value uni
Length of screw shaft L 133 mm
Power P 220 w
Outside diameter of barrel od 30 mm
Speed of motor N 1500 rpm
Screw shaft Outside diameter of screw shaf o d 20 mm
Figure 1. Main Components of the Oil Expeller Clearance c 1 ly
0.515
Coefficient of friction 1} -
I[I. MATERIAL AND METHOD (0.3~0.73)
The screw press consists of the following compagient | Diameter of pinion (helical gear oD 6 mm
screw shaft, cylindrical barrel, feeding hoppegcélic motor,
cake outlet, oil outlet and main frame. The cyliodr barrel Diameter of gear (helical gear) oD 28 mm
was made from a stainless steel of length 143 mmsidé
diameter of 22 mm and thickness of 5 mm. The scsbaft Diameter of pinion (spur gear) D 11 mm
was made from a stainless-steel solid rod of diam2® mm
and Iength 156 mm, which was machine on their Iea_he Diameter of gear (spur gear) D 60 mm
decreasing screw depth. The worm shaft is housethén
cylindrical barrel at a clearance of 1 mm betwelsa screw : . .
diameter and inside diameter of the barrel. Forl AKB5 steel Calcula’zlon (g‘velocny ratio,
shaft, the ultimate strength is 550 MPa and yi¢tdrgth is VR =_P=—¢ 1)
283 MPa. Young modulus is 210 GPa and factor adftgas 4 N, D,
are used in this research. The screw shaft rotatethe
Lo - Power,
cylindrical barrel and conveys the peanut from fleding
section towards the discharge section. Pressuaehieved in p = 2 NT )
the machine by the operation of the screw shaftclwhias Y
designed to have a decreasing depth thus redubmrea
available for the peanut in the barrel. Raw matsrénter one Snéar Stress,
side of the screw shaft through the hopper andemasiducts 0.5Sy
exit the other side. The expeller screw shaft estdhside a ©= N (3)
cylindrical barrel. The peanut to be pressed isvben the
screw and the barrel and propelled by the rotasitrgw in a N = factor of safety for steel
direction parallel to t.he axis. Expeller pressm@mechamcal 4 SteadylLoad
method for extracting oil from raw materials. Thawr N= _
materials are squeezed under high pressure igtesitep [10]. 8 Live Load
In operation, the oilseed is introduced into thehige through  c5culation of Diameter
the feeding hopper; the machine conveys, crushegjgyand
presses the oilseed inside the cylindrical barith the aid of . _ 16T 4)
the screw shaft until oil is squeezed out of thedselhe oll 7,;dc3
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Mean Diameter, ) )
Oil Capacity 2159 | 2.428 271 L/hr
d,, =9 *de (5)
2 Parameters 4, 5. 6. unit
Where, d = core diameter pitch 15 16 17 mm
Number of Screw Turn, Helix Angle 17.7 18.8 19.84 |  degree
n = i Weight 4763.8 | 4584.4 | 4584.4 N
P Torque (rise) 35.64 35.63 35.62 N
Helix Angle, Torque (lower) 6 5.1 431 N
tang = —P— (6) Efficiency 32 3283 | 336 %
nd
Friction Ang|e, Oil Capacity 2.998 3.2814 3.5682 L/hr
tang = (7)
p=tanp Calculation of Stresses on the Screw,
Effort. P Normal stresses,
F_ 4w
p=_" 8 a=TN T 2 (14)
m nd;
Weight, W Calculation of allowable stress,
P
w=— P ©) - (15)
tang+¢ N
Torque required to raise and lower the load, Bearing pressure,
d W
T, =W - tan@ + (10) R = (16)
R 2 6+ b ndmn;t
T =Wd—mtan@— a) (11) Where, B = bearing pressure (Nfin
L
2

n= number of threads

Calculation of efficiency, t = depth of thread

__tan@) (12) Bearing stress,
tang.+ ¢
o N L (17)
Calculation of oil capacity, B A (e N
- T 42 —
Q = Zde pNn (13) Og =0y,
TABLE Il. Result Data For Screw Press Oil Expeller Bending stress,
P t 1. 2. 3. it Mc_ 6W
arameters uni Gb =T — d (18)
Pitch 12 13 14 mm e NP
Helix Angle 14.3 154 16.55 degreq Oh =0y
Weight 5365.7 | 5162.6 4959 N
= +
Torque (rise) 35.67 35.66 35.65 N Gz 6Zl 022
Torque (lower) 9.25 8.12 7.02 N Equivalent stress (Von-Mises stress)
Efficiency 28.8 29.9 31 %
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1 _
__1 2 2 212 K, =ag] (22)
o :T[(GX —oy)” +(oy —07)" +(0, ~0x) 1 _ )
2 Calculation of size factor,
Calculation of Deformation on the Screw, d ..
FL 7.62
§=— (19) _ _ . .
AE For axial loading, there is no size effect.
TABLE Ill. Result Data Of von-Mises Stress And K, =1
Deformation .
Loading factor,
Parameters 1. 2. 3. unit .
1 bending
Pitch 12 13 14 mm .
k. =40.85 axial
Pressure 20.7 21.9 22.05 MP. 0.577 torsion
Normal Stress -68.32)  -65.73 -63.14 MPR Consideration of temperature factor,
Bending Stress 7.76 7.58 6.765 MPa kd =1
Allowable Stress 1375 | 1375 1375 MPa Consideration of reliability factor,
: K, =0.70: [13 Nor]
Von-Mises Stres§ 96.25 94.17 91.74 MPa
- Consideration of miscellaneous-effects factor,
Deformation 0.01923| 0.0185 0.0178 mm
Parameters 4, 5. 6. unit
Y 15 6 7 oy Calculation of Actual Endurance Strength,
Pressure 22.46 24.32 23.45 MPh Se = ka ¥kpxke xky x ke x k¢ X Sg (24)
Normal Stress -60.65|  -58.37 -56.29 MPR The fatigue strength,
c 25
Bending Stress 674 | 658 6.21 MPa S, =—2 (5)
Om
l —_
Allowable Stress 137.5 137.5 137.5 MPa Sy
Von-Mises Stres§  89.89 88.2 86.47 MPa For AISI 1035 steel,
Deformation 0.01707| 0.01643 0.01584 mm Sm = 0'951 (26)
TABLE 1V. Result Data Of Endurance And Fatigue S¢re
Mean stress, i
Parameters 1. 2. 3. unit
O, +G, .. ;
o= max2 min (20) Pitch 12 13 14 mm
Maximum Stress 7.76 7.58 6.76 MP
Alternating stress,
Minimum Stress -70.045 -67.41p -64.6¢4 MPga
_ %max” Opmin
Ca= 2 (21) Mean Stress -31.141 -29.91 -28.94 MPa
6 =G Alternating Stress 38.9 375 35.7 MPa
max— Ox
_ Endurance Strength 88.084 88.085  88.085 Mipa
Smin =0z
Fatigue Stress 36.82| 35.566 33.91 MPa
Estimating the Theoretical Endurance Limit, .
Parameters 4. 5. 6. unit
An approximate endurance limit, Bich G 16 17 oo
SoleaoASf stoface f8gtod400MPa Maximum Stress 6.74 658] 621 wmP
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Minimum Stress -62.148 -59.84 -57.6f MP#&
Mean Stress 77| 2666 | 2573 MPa TABLE V. Result Data For Screw Press Oil Expeller
Parameters 1. 2. 3. unit
Alternating Stress 34.44 | 33.235 31.94 MPa -
Pitch 12 13 14 mm
Endurance Strength 88.084 88.085 88.085 Mipa Number of Cycles 32577 37.47 45.2B t)lo
Fatigue Stress 32791 317 30.51 MPa Mean Shear Stress 114.3¢d7  111)5 10866  Mpa
Alternating Shear
_ . 67.28 | 7013 | 7291 MPa
Fatigue Life, Stress
The coefficient, Parameters 4. 5. 6. unit
Pitch 15 16 17 mm
(fSu)?
a=-~"u’l (27) Number of cycles 51.79 59.3 69.1 éx1o
S
© Mean Shear Stress 106.04 103.y2 101)68 MPa
The exponent, .
Alternating Shear
75.5 77.74 | 79.73 MPa
- 1 fSJ Stress
b=--logt~)
3 T %
Consideration of Fatigue strength fraction,
f=0.9
Number of cycles to failure,
1
b
N =[Sf ] (28)
a
Calculation of Safety Factor,
Mean torque,
T :Tmax+Tmin (29) Figure 2. Modified Screw Shaft Design (15mm Pitch)
m
2 IV. RESULT AND DISCUSSION
Alternating torque, In this research, the results of efficiency, oilpaaity,
_ Tax Tmin 30 fatigue stress, number of cycles to failure andratiting shear
Ta—i2 (30) stress are computed by theoretical analysis. Wherahalysis
each AISI 1035 steel shaft is studied for six défg pitch
Tmax=Tr + Toin=T_ 12mm, 13mm, 14mm, 15mm, 16mm and 17mm but we
min compared 13mm, 14mm and 15mm pitch. Shaft lengdjpm
Mean shear stress, diameter and minor diameter are kept constant.eTaldhows
the comparison of efficiency and oil capacity. Aating to the
T =16Tn (31) theoretical results, 15mm pitch is optimum capaditan
m ndC?’ 13mm and 14mm pitch. Table Il shows the comparisfn
allowable stress and von-Mises stress by changimget
Alternating shear stress, different pitch. The maximum von-Mises stress &sléhan the
16T allowable stress. So, the design is safe. By coimgpathe
T4 = g (32) theoretical results, the von-Mises stress and deftion of
nd¢ 15mm pitch are less than other two pitch. Tableshéws the
i minimum fatigue stress and table V shows the maxrimu
Ultimate shear strength, cycles to failure by changing from 13mm pitch tarit pitch
S,.=0.67S (33) screw shaft of JY 200 oil expeller.
Where, § = Ultimate Stress (MPa)
Vol. 16 No. 1 August 2019 ISSN02-0119 211
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V. CONCLUSION

The screw shaft is the main components of the spreas
oil expeller because it conveys, grinds and crushegeanut
inside the cylindrical barrel. The original screlaft design is
13 mm pitch screw design. The outside diameteBimfh and
inlet depth is 5 mm. In order to get high oil capacthe
modified screw design is constructed. Screw desigres
calculated and compared for 13 mm pitch, 14 mmhpitnd
15 mm pitch. 15 mm pitch screw design is highercapacity,
efficiency, endurance limit, number of cycles thathers.
According to theoretical results, oil capacity obdified and
existing screw design is 2.997 L/hr and 2.428 L/hr.
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