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ABSTRACT

The search for altemaﬁve sources of protein to augment the diet of
malnourishe‘d African families is intensifying due to the high cost of animal
proteins.

The soybean plant, with a protein content of about 40% is a cheap source
of high quality plant protein, and its impact on African diets has earned it the name
‘Gods sent ‘bean’ or the ‘miracle seed’.

Soybean milk, a  product of ‘p,i'ocesse:d soybean has a nuiritional
composition comparable to that of animal milk, thus its use as an altcmative to
| expensive animal milk..

The horizontal filter press designed is t(i make the ﬁltration of milk from
mash more efficient and hygienic.

The machine had a throughput of 6.286 l/hr when a mixture of one cup of
soybean rﬁash and one cup of water was ﬁsed.

The production efficiency of the machine was 60.9%, and it was found that
the rate of ﬁltration_ increased with decreasing concentration of the mithufe of
mash and water.

’ The machine is p01tabie, easy to operate and maintain, and needs‘
installation on a solid foundation. With a total cost of ¥ 4385.00, the machine is

cheap and economical available to the low income earners or rural dwellers for

whom it is meant.
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.CHAPTER ONE ‘
1.0 HIS'I ORY OF SOYBLAN PRODUCTION

The early hrstory of soybean lrke that of most food crops is lost in

obscuuty However ancrent Chrnese llterature 1eveals that the soybean wasf.f ‘

: -.extenswely cult1vated and hrghly valued as a food crop centuries before wrltten
| 1ecords were kept. 1t is belreved to have been deuved from a twmnmg slcnder
_:plant Glycrnc Ussurrensns [lO] browmg, wrld m South East Asia. However,
';‘accordlng to Fukuda (1933) Manchurla should be regarded as the center of origin
"'srnce in shows great drversrty of form in tlns area
The ﬁrst wntten record of thlS plant accordmg to Morse (1949) appears ml_-
‘ Materra Medrca “‘The Heavenly Farmer written by the Chrnese Emperor Sheng-'
.Nung in 2838BC It was the most unportant cultrvated legume and one of the five
most sacred grams ( soybean rice, wheat barley and mlllet ) essential to- the

~e

exrstence of Chmese c1v111satron

Confucrus the gleat Chrnese phllosopher called the plant ‘Shu and n |

'anc1ent Chmese llterature 1t 1s 1etened to as ‘Sow’, from wh1ch the present day:‘ ‘
‘,"Soy- in soybean seems 1o have been dcuved It is-also called Chlnese pea or
‘ Manchuuan bean because of 1ts Eastern Asian ong:,m Smce its spread to ‘other
'parts of the world soybean have become more pqpular

From Chma the crop. spread to nerghbouung Asran countries - Korea Japan'
and 1ema1ned conﬁned to Asia as a cultlvated crop. When the German botamst :,

-Englebert Kaempfer visited J apan in 1961 and publrshed his- book Amoemtatum
-EXot‘i_cumin 1712 [lO], Europeanst started apprec1atmg the 1mportance of soybeans' |
' to Eastern drets | .. |

“In US literature, soybean was ﬁrst mentioned in 1804 (Mease) when it ‘was

Caa . w
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it was commercialised. Though_inn'oduced. in Brazil in 1882 ( Daffert, 1892 ), it
took about 100 years to become an important crop.

Although attempts where made to grow soybeans in Nigeria as early as
1908, the first successful cultivation of the crop was in 1937, when the variety
Malayan was introduced. Production then, was concentrated in the present areas of
Benue, Kaduna and Niger states, as well as the Federal capital territory.
1.1 BIOLOGICAL DESCRIPTION OF SOYBEAN

The soybean is a member of the farnily Leguminosae, sub-family
Pap111on01deae and genus Glycine L. Cultivated soybean has been known by
several botanical names, but in 1948 R}Cker and Morse presented ev1dence that the
correct botanical name should be Glycine Max (L) Memll f hough most often
referred to as Glycine Soja and Soja Mex n earliery literature, ﬂle name Glycine
Max has been used almost exclusively in scientific Licraiwe sm;c 1543.

Cultivated soybean isa 1egum1nous annual, normally bushy, erect and much
brenched with well developed roots. It is normally less than 75cm in height. -

Almost all varieties are pubescent, with trifoliate leaves, each compound
leaf consisting of three leaflets which begin to turn yellow and fall off as the pods
reach maturity. The pods contain three or more small, hald ov01d seeds usually
unicoloured ( yellow, green, brown, red . - black ), though occasiOnally
bicoloured. Pale yellow is the most commercially acceptable colour of soybeans
intended for human consumption. ,
1.2 GROWING SOYBEANS

With increasing research in soybean biotechnology, and consequent

production of cultivators adapted to various environment, the range of soybean is

worldwide. However, the soybean 1s a warm temperatlire, short day plant growing




best in the dry-moist Savannah, that is, in regions similar to those for growing
maize and sorghum. |

A mean daily. temperature of 30°C to 32°C is most acceptable. Whitt and
Van Bavel (1955) estimated water use at 0.76cm per day peak periods, and found
_that a rainfall of between 500mm and 750mm spzmniﬁg for a period of 90 to 180
days wiil, meet this crop water ﬂ:quiremen_t. |

Soybeans need - deep, well-drained t‘"evrtile loam soils with good water
holding capacity for good yield. The soil pH should be maintained betweeﬁ 5.5-
6.5, as acidic soils reduce module bacteria acidity.

- Provided thére is sufficient moisture and rhizobium bacteria ( inoculating
| organisms ) are present, no fertilizer is really required to grow soybean. Mulching
is highly recommended. | |

~ In the middle latitudes, 30°- 40° North and South,'where most soybeans are

grown, photoperiodicity is very important and govéms planting date. The choice of
‘plantinéﬁould be such that the plant r_nakes plenty of vegetative growth_during
long days before being exposed to short days v»;hiph initiate flowering. Thus n thel
vNo‘rthern Hemisphere May is a better time for planting than June.

Soybeans grow poorly under shade or reduced light as brlght ;unlight aids
rapid leaf growth and healthy plant development. It is however, {fery sensitive to
‘drought.

Due to its high s¢nsitivity to soil and clima,tié conditions, soybean varieties
are numerous. The major faétors determining which variety is planted where

include nodulation, storability, shattering, buckling and vulnerability to insect

pests and diseases,

Three varicties have been recommended for growth in Nigeria.




(ii) TGx 536 - 02D
(iif) TGx 849 - 313D

Based dn how long it takes to mature they could be

(I) Short duration : 75 - 84 days
(ii) Medium duration : 85 - 94 days
(iii) Long duration : 95 - 110 days

The recommended growing period is between May and September.
The seeds could be planted 5 - 6 cm apart on TOWS 60 cm to 70 cm apart. .
For better yields the crop is best rotated or strip-cropped, .intercropping increases
the risk of overshading. Weed on time and watch out for fungal disease, Frogeye
leaf spot, which can cause up 0 50% 10‘ s. The pods are harvested when they turn
®

brown, tan or gray, under dry condmons “and stored at a moisture content of 13%

or below.

1.3 WORLD PRODUCTION

World soybean production amounts to 107350000 metric tonnes (MT), with

an average seed yield of 1841 KG/Ha. Presently, fhe US is the highest single
producer (52440000 MT) accountmg for about 50% of world productlon followed
by Brazil (24044000 MT) and China (10818000 MT). These three counmes
accdunt for about 81% of the world production [16}].

In Africa, Zimbabwe is the largest producer (176000 MT), followed by
Egypt (136000 MT), 5 South Afiica (80000 Mil), aﬁa Nigena with an estimated
production of 75000 MT [16]. However, in Afiica, Nigeria has the largest aréa
harvested ( estimated at 215000 HA ), but with one of the lowest yields ( 349

KG/Ha ), [16].




1.4 COMPOSITION OF SOYBEAN

Unlike most oilseed species, seybean is a dual purpose plant, containing
about 20% oil and 38% protein by weight. Soybean occupies a premier position as | '.
a woﬂd crop because it is the best plant souree'of good quality protein and high
quality edible vegetable oil rich in unsafurated_ fatty acids. The Aapproximate
chemlcal composition of raw soybean is shown in Table 1.0. |

Soybean, however, also contains some anti- numtlonal components like :

a) trypsin mhibitorsv which cause growth inhi'bitio_n and enlar_ged pancreas in
anmlals -

b) IIemag,g,lutmms which agglutinate 1ed blood cells.

¢) Goitrogen whlch causes enlargement of the thyroid gland, and

d) Urease which degrades urea to ammoma which 1s toxic to ammals

These components can be inactivated by heat, thu__s heat treatment is an
obligatory step in soybean processing. |
1.5 SOYBEAN PROCESSING AND UTILIZA’[ ION

At present soybeans do not yet play an 1mp01“tant role in human nutrition
because they are relatlvely difficult to tenderise by ordinary cookmg, and have an
objectionable beany taste t0 Africans.

With Africa faciag increasing problems of?_ malnuﬂiﬁon, particularly in
areas of protein deficiency, caused fundamentally by igﬁerance and POVERTY,
the soybean has been described as ‘Gods sent bean; or ‘miracie seed’ by Africans
as it iS:cheap and‘ available source of high quality protein. The high cost of living
has made animal protein unaffordable to a majority of Africans.

’I‘has, though a relatively new crop in Africa, home utilization of soybean

have been greatly diversified. Soybean can be consumed as a drink, solid food and

o » "




treatment is an inevitable unit process in soybean processing because of 1ts
beneficial effect on nutritive value due to inactivation of trypsin inhibitors and
hemagglutinins.

Produéts of soybean processing include soy flour, ‘soymilk’, soycake, soy-
biscuit, soy oil, soy 0gl, s0y moinmoin, soy eba, amongst others. It is also widely
used to augment the nutritional quality of other food ploducts as in blead
However, the focus of this work shall be on the processing of soybean to
‘soymilk’.

1.5 ‘SOYMILK’ PROCESSING

Milk is defined as a fluid secreted by the mammary glands of mammals for
the nourlshment of their young, for a period beginning immediately after birth [
Micropaedia Britamca REF VI (890) ]. It is based on this deﬁmtmn that soymilk
is used in quotes.

‘Soymﬂk’ is so called because of its milky appearance and comparable
composition to milk from mammary gl.ands [ TABLE 1.1 ].. |

Work so far done and 1'epoﬁed on techniques fof ‘s;)ymilk’ processing ars
su_mm#u‘ised in figure 1.

Traditional or local processing of ‘soymilk’ is similar to cold extlactlon in
figure 1, but for the fact that the filtrate is augmented with salt and sugar, boiled.
for at least 20 minutes, and flavoured before bsing allowed to cool. The cooled
liquid is thus ready for consumption. | |

It must be stated here that the recommended mix by weight of milled

soybean to water, before ﬁltration, is one to five. It might vary depending on the

concentration required.




Due to the lack of knowledge al%out, and need fo minimize the use of
chemical additives in ‘soymilk’ production | techniques 3 and 5, figure | ], and the
burning hazards involved in hot processing | ‘techniques 1 and 4 ] in rural
households, this work will be directed at cold extraction technique.

Furthermore, in an expériment to determine the effect tof' processing
techniqué on ‘soymilk’ yield and quality at IITA Ibadan, Qg.;t.mdi;')e, Dashiell .amd
Osho found that cold extraction pro@uced the highest ‘n;ilk’.yield, whﬂé quality
varied depending on the soybean variety used. This further justifies my focus on

this technique.




- S . | . .
[ gDV ‘6861 9€ ON NILATING TNNOTT NIVHD TVOIOUL : FOU0S YTINAOS NIVLEO OL qaSN SANDINHOAL ONISSEOONd THL 40 THVHD MO : [ R
, 1000 - 10007 Lo 1000

(\INOT) ONRINISS |  (NDAOT) DNTYTNNIS * (NTINS) ONDIEINIAIS (NDWS) ONDIEININIS

ONIALTH . onparma ||| onNpEITd

ONITIIN L3A ONITTIN LEM ONITTIN LIM

sy || , :

ODHVN %S0'0-NI YOS (SMy7) ONTAVOS (NINOT) ONTHONV T

| DNLLYOS © DNIIMOS ONILYMOS
, SNVAHAOS TIGHM SNVEIAOS TTOHM | GNVALAOS HTOHM | SNVAHAOS TTOHN
JRREH IR I P S R e © ¢ gIvNOZ¥vOld SR _ ( GOHLEN AOSL
o NNV 0 Fsn(©) NOLLVILTI-QHAVTHA (2R NaIdos d0dsn (€ | NOLLOWMIXE aod @ NOLLOVILXH I(




| achieved,due to difficulty of finding an efﬁcient and reliable filter cloth.

'CHAPTER TWO
2.0 REVIEW OF LITERATURE
Prevrous works on’ soymrlk’ productlo'n,,ha_ve been centered on the unit

process of filtr atron

[

. Oye (1995) desrgned and constructed a. horlzontal ﬁlter press for soymrlk

¥

The press uses'a power SCrew and mconporates a system of gears for speed»
reduction as pressin'g requires a very low speed to protect the filter cloth agarnst ,

pressure burld up The. machme 18 engme powered

However the machme is qurte bulky and heavy, needs expert mstallatron

and 'operation‘ and was quite costly ( NSOOOO ) to construct The machme s

presently at IITA Ibadan soybean processmg department

ln 1996 in-an attempt to 1mprove on Oye S work Professor Babatunde L.

supelvrsed the de51gn and constructron of a manually operated st,ymllk filter

press by a masters degr@ : tudent at the University of Tbadan. The screw press is

vertlcal utlhsmg, a powel screw above and a hydrau JdCl( at the bottom

The press was easrer to mamtam less bulky hghter and cheaper than
Oye s However it was Stlll heavy, bulky expenS1ve ( N25000 ) and not easy to
operate Also the press plate used bends upwards at the edges due t0 the pressure '

of the plessmg

Engineer Gbabo head of the fabncat1on workshop, NC RI Bade;,g,r

attempted to construct a machme that 1ncorporates the unit operatron of mlllmg

| and ﬁltratlon This attempt proved abortlve as effectlve ﬁltratlon could not be'




ln view of the problems associatedeith existing machines de_scr’ibcd above,_
this.project will attempt to further optnmse the ﬁlter press by solving some of the’:
problems enumerated |
2.1 FILTRATION THEORY

Frltratlon is a mechamcal separatron vtechmque n whrch ‘a liquid | 1$
separated from a two phase solrd l1qu1d system by 1mposrné ’a screen n the ﬂow :
path whrch restrarnts partrcles above a grven size from passmg through 1t The' |
ﬂurd is subjected to a force wh1ch moves 1t past ‘the partlcles The screen 1s.called o
the ﬁlter. |

The partlcles suspended in the ﬂUId whlch will not pass throug,h the

apertures are retarned and burld up into what is- called a ﬁlter cake. Whrle the

‘fﬁln ate
l
The ﬁne apertures necessary for ﬁltratron are prov1ded by fabric ﬁlter' ‘

hqurd pr oduct is called #h

clothes meshes and screens of plastlc or metals ‘or by beds of solid partrcles
Thrs pro_]ect is centered on cake ﬁltratron As ﬁltratron progresses solrd’ :
partrcles reachrng the ﬁlter surface became trapped in it. A layer of cake gradually

burlds up on. the ﬁlter surface and the resrstance to ﬂow ‘throug:h the ﬁlter‘ -

progressrvely mcreases Below is a draglam showrng the prmcrple of cake

ﬁltration. o

APPLIED

PRESSURE
SLURRY OR TWO
o PHASE SOLID- -
. FILTER LIQUID SYSTEM
.. CAKE ;
N FILTER
FILTRATE

| Frg 2.0 Cake filtration.




When the force or pressure differenﬁéi (Ap) is constant, the volume of

filtrate V passing through 1m® of a ﬁ,»lt’ering surface during time t, and the duration
of filtration t are related by the equation
VI+2VC =Kt oo —0y
Where
| C = filtration constant characterising the hydraulic resistance of the filtering

partition, ( ™ /m?).

K = filtration constant allowing for the condition of the filtration process

and the ph_ysicoche‘micél prdpe;ﬁes of the sediment and the liquid, ( m?/ s)

t = duration of filtration, (s).

The constant K and C will be determined experimentally during testing.
The rate of filtration, dV/dt ( m’/m’s ), at a given moment will be

calculated thus:

dv/dt = ki 2(V+C)) - ----------;;-(2-)
2.2 PROBLEM DEFINITION
All the unifprocesses for traditional production of ‘soymilk’ are manual bylt’
for milling due to the availabi.lity‘ of mills, The other unit process requiring high
input of -human energy per umit time is filtration, whiéh is: still mostly done
manually.

Thus, mechanising filtration will go a long way to standardising ‘soymilk’

i ,,Wz-ﬁ
e
. A";‘E!“’;'ﬁ‘

production process.
2.3 JUSTIFICATION
Due to the high incidence of malnutrition in. Africa, the high protein, ease

-of grthh, adaptability and economic availabili.ty of soybeans Ihakes it an iﬁeal

supplement' for the predominantly carbohydrate diet of most Africans.



(IS

However, because of the anti—nﬁtritionél fzictors present in it, raw soybeans
do not support human or animal growth. The soybean or its products need to be
well worked or heat treated prior to consumption. Since raw soybeans are difficult
to tenderise by ordinary cooking, they’ do not yet play an important role in African
diets. Consequently, simple mechanical methods fof processing soybean into its |
various .products ( soymilk,........ ) neéd to developed and introduced into small-
scale industries and fural households.

Since this project targets rural dwellers, traditional (‘soymilk’ production
technique will be ‘rhy guide. The unit process of filtration in this technique
involves the application c;f pressure with bare hands on soybean mash in a muslin
cloth, This is unhygenic as dirt and gel;ns trapped on the palms of the hand get
transferred to the ‘milk’ product, thus ad\;ersely affeét;ng its qu_alify.

Also the ‘milk’ yield will vary as the compressivé strength of the person
carrying out the pressing. Varying 'quantitiesxof ‘milk’ will remain trapped in the
cake as filtration progresses. High quality ‘milk’, and maximum and standeirdised
‘milk’ yield can be obtained by elimina.ting the-use of hands through -use of a
mechanical device for filtration.

2.4 OﬁJECTIVES

This project is aimed at mechanising ﬂw unit process of filtration in
‘soymilk’ production through. - ‘

1. Design of a machine that will effectively and éfﬁciently filter ‘soymilk’ from
soybeaﬁ mash, and

2. Construction of this machine such that it will be simple, easy to operate and
maintain, and economically available to rural dwellers.

The machine is thus expected to produce maximum yield or quanﬁfy of




TABLE 1.0 : Nutritional composiﬁon of soybean;'

NUTRIENTS AVERAGE WEIGHT per 100g RAW SOYBEAN[g]
Moisture 7 '
protein 35-45
o1l 18-22
carbohydrate 12-14
Crude Fibre 3.7-5.0
Ash 4.6-5.4
Calcium 0.25 '
Phosphorus 0.7
Iron 0.007‘
Potassium 1.53
Sodium 0.319
Nicotene 0.0021

N -

TABLE 1.1: Comparative nutritional composition of cow, human, and soybean

milk. ‘
ITEM
MILK | WEIGHT | WATER | PROTEIN FAT VIT A VITB{g] | Ca | ZINC
{gl Igl lg] {gl (gl (g} {gl
COWS 224 213 8.0 8.0 - 1.84x 107 | 0288 1 0.00}
SOY 263 243 8.9 4.0 105 1.28 x 107 | 0.055 | 0.0004
'HUMAN 248 216 2.4 11 592 0.16 x10° | 0.080 | 0.0004




CHAPTER THREE

DESIGN
3.0 POWER SCREW THEORY

A manually driven power screw is the power unit of this machine.

Power screws are mechanicak devices by means of which a large amount of -
mechanical ‘advantage can be obtained. They are used to convert rotational motion
to translatory motion. |

Power screws have the disadvantage of high frictional losses and low
transmissioﬁ efficiency, but with the advantage 6f simplicify in design, heavy load
carrying capacity, high accuracy and smooth, quiet and slow éowe’r ﬂ;)W.

Power screws are often subjected to a combination of stresses. The common
fbrmS are the squaté, ACME and buittreSS threads. . |

Sciuare threads, with zero profile angle have the. highést efficiency, but are
cosﬂy to manufacture.

Where unidirectional power transmission is required, the buttress thread is
the best alternative as it also incorporates the high efficiency e_md simplicity of the
square and Acme threads respective.lly. However, buttress digas are scarce.

The Acme thread with a 15° proﬁle angle is easy to manﬁfagture and

relatively available at workshops. Thus this design will utilise an Acme thread.

P/2

e —————

P

Fig 3.1 square thread

U 2




0.5P +0.01

Fig 3.3. Acme thread

P, the thread pitch 18 the distance between a point on one thread and the

corresponding point on an adjacent thread regardless of whether the screw has

single or multiple thread.

While the lead is the displacemen't of the nut or screw resulting from one

full turn of either of them for single thread the lead = pitch.

The design calculations will thus focus on the single thread Acme SCIew.

3.1 DESIGN CALCULATIONS

3.1.0 DESIGN OF PRESS PLATE
SUPPORTING RODS

Fig. 3.4 Press Plate.

Material used : Steel; Grade : C40 or 40C8



From [2],
Ultimate Stress, Oy = 700N/mm”
Yield Strength, ‘csy TR T N — )
= 0.65 x 700N/mm’
o, = 455N/mm’
Taking,
miass of soybeaﬁ mash (milled soybeaﬁ + water ) + bag =20Kg
=5 Weight of ( mash + bag ), Wy = (20 x 9.81 )N
| = 196.2N B
For the design, use Wiy, = 200N |
Diameter of press plate, dy, = 180mm ( assumed ); |
Surface Area of press plate, Ay, = n/4( dp, )
Ay =m/4 % (180 x 107 ) > m’

App = 0.0254m’

Taking the resistance of soybean mash to préssing, Ry as
Ry = 200N

= Total force acting on the press plate Fp, 1s thus

Fop=™ Wb + Rem
Foo = (200 + 200,)N
Fpp = 400N ‘
Pressure on the plate, Pp, = Fop/App

P,, = ( 400/0.0254 ) N/m’

=15719.0 N/m?

P =1572 x 107 N/mm?>



The for'muia for calculating the thickness of the plate, t, is given in ‘[1] as ;
S = 0.24W/E memmmmmnmne(4)
Where t = thickness of ialate, mm
S = maximum tensile stress in plate, N/mm’
W = total force on press plate, N.
From (4), making t the subject of the formula :
£ =0.24W/S
t=[0.24W/S | ~mmre==(5)
ButW=Fpp,:>W=4OON
S = Gy, = S = 700N/mm’
Substituting in equation (5) :
t=[0.24x 406/( 700) 1 mm
=1 0.1 37 1 mm |
t=0.37 mm [ minimum thickness |
For this design use gage 8 sheet metal | US standard ] of thickness
tpp = 0.1759 |
=(0.1759 x 25.4 ) mm
tpp = 4.37 mm
Volume of press plate, Vp, = Ap;, X tpp

v

= 0.0254 x 437 x 10° m’
Vpp=11x10"m’
From Density = mass/volume ------=----- (6)

and Density of steel, Jst=7790 Kg/m’

= mass = Density x Volume




i

~ (7790 x 1.1 x 1107 ) Kg
m,, = 0.865 Kg

Weight of press plate, Wy, =My X &
=(0.865x9.81)N

W,, =8.5 N

3.1.1 DESIGN OF SUPPORTING RODS

Three rods share uniformly the force on the press plate, and the weight of

the press plate as shown in figure 3#above. Thus,

Load shared, Wy = (400 +8.5)N
W, =408.5 N

Load on each rod, Wy = Wi/3
= 408.5/3

W, =136.17N

Aliowable compressive Stress (axial stress ) of steel, Ocs = 128 N/mm®

(7

But from, stress = Force/Area

= G5 = Wy/( T/4 (dx)2 )  where dy = minimum diameter of rod.

4 =4 x W, /T X Ocs

d.= [ 4x 136.17/n x 128 1"* mm
d,=1.16 mm

For this design, take diameter of each rod, d; aé

d, = 8.0 mm

Y

800 mm

150 mm

a1 & Srunnorting rods 1, = length of supporting rod.



Based on the triangle above, it can be seen that T
12 = 1507 + 80"
1= 289001"
], = 170 mm

V‘olume of each rod, V= Ar x 1,

=adH xL |

il

/4 x (8 x 107 Y x 0.17 m’
V,=8.545 x 10° m’
From (6) and using steel for rods
fst =m/V,
m, = | st x V;
= 7790 x 8.543 X g

m, =0.0667 Kg

Weight of eachrod, W, =m; X g

~ 0.0667 x 9.81 N.

W,=0.653 N

Combined weight of rods, Wr=(3 x 0.653 )N

WR: 196N

3.1.2 DESIGN OF POWER SCREW

Fig 3.6 Power screw. '




We first deterrhine the minor diameter, d,, of the séféw_by'considel'ing the
effect of axial force alone, increased by 30% for calculation purposes [2].
The total load on the power sCIew, WrL 18
Wit = Wb + Wy T Wr
~[400+85+196]N
= 410.46 N
For the design use Wi, = 450 N
Taking WrL as ihe force, the design {orce Fq is tius .
Fy = Wqp, + 30/100 Wy, --===emm=mm" (8)
=Wy +0.3 WR‘
=W (1.3)
=13 x 450
Fy= 585N

Using grade 40C8 mild steel in hardened state as power SCIEW material.

= o, = 700 N/mm?

From (3) oy = 455 N/mm®

The allowable stress, GaL, is-given in [2] as
oL = 0.45 x oy —— )
= 0.45 x 455 N/mm’

G = 20475 Njmm?

From (7) : 6AL = Fd/AS , _ : (10)
where A, = cross sectional area of power screw
A, = 1/4(ds)°

Substituting in (10)

I S B VAY



di? =4 x FaloaL % n) '

4, = [ 4 x 585/m x 204.75 1" mm

i

d; = 1.907 mm [ minimum |

Using an Acme thread with a trapezoidal cross-section, and a profile angle

/

of 30°; from table 6.12, [2],

Adopt d; = 18.5 mm

Pitch P =5 mm

Pitch diameter d; =21.5 mm
o v | Nog_ninal diametef d =240 mm

Major fiiametel' dg = 24.5 mm
Thus the actual ’cross\-sectional area of the power sCIew designed, is given as

Ay = t/4(ds)

= /4 x (18.5))° mm’

AS = 268.8 mm’

Actual induced stress, 6, = FJ/Ay’

= 585/268.8 N/mm”
G, = 2. 18 N/mm2
From above, equation (9) : 6aL = 204.75 N/mm’
Since 6, < OaL = DESIGN IS SAFE. |
Determination of.Torm.,e and Fouivalent Strecs
using a single thread screw, then from Ref. [3]
Pitch = Lead

= Lead = 5 mm

Helix angle, o, is calculated in {3] from the equation

" g {11\



Substituting -
tan o = 5/1 x (21.5)
tan o = 0.074

o = tan” (0.074)

Using a steel screw bronze nut assembly, the coefficient of friction ps for

steel to bronze is given in Table 2.2 {2]2 as
ne=012 .

‘Angle of friction, ¢¢ is calculated in [2] usin;g the fomula :

tan §r = Hs (12)

Ot : tan-l (1)

= tan’ (0.12)

bp= 6.84°

For an Acme thread, the Torque required to rai"se the load, Ty, is calculated |

in [4] by the equation
T = Faxda(cosf tan o + fs) ' (13) ‘
2(cosf — Ustan )
where T;= frictional torqué R

F4 = load to be moved

6 = half the profile angle (15A)

ps — cocliicient of 1icuon
d, = mean or pith diameter

a = helix angle

Substituting values into equation (13):




. L 585x215x [c0s]5° tan4.23°+0.12)
7 Hcos15-0121an423°]
_ 585%215x[0966x0074+012]
200966 - 012 x 0.074]
_$85x215x01915

2:x 0957
Tr = 125814N —mm

mm

N —mm

From Ref. [2], the polar section modulus, Z,, of the pOWeEr screw is given
as
Z,= ‘Tc/16(d3)3 SUSER— V')
= Z,=7/1 16 % (18.5)3 mm’
Z,=1243.212 mm’
The torsional shear stress, 1, caused by the turning moment or torque, Ty is

given in Ref, [2] as :

1=TyZ, (15)
= 1258.14/1243.212 N/mm?
1 =1.01 N/mm>

Ref. [2] gives the formula for equivalent stress, Geq, as

Oeq = V(6® + 37%) ' (i6)

V(2.18 +3(1.01)%)
=\(7.81)
Oeq =2.795 N/mm®
Oeq = 2.8 N/mm® ,
But, 641 = 294.75 N/mm?
Since ¢y < 6oL = DESIGNED SCREW 1S SAFE TO OPERATE.

3.1.3 CHECK FOR TORSIONAL DEFLECTION

Considering the power screw as a uniform round, solid bar, the torsional




: B = 32Tdg/nGely" —rmmmnmme (17)
where B = deflection ( angle of fwist ), radians
Tr = applied torque
L, = length of screw shaft subjected to twisting
d; = minor diameter of power screw
G = modulus of rigidity of material used (steel)
As a rule of thumb, the torsional deflection should be less then or equal to
i°ina length of shaft equal to twenty diameters, [4].
‘Thus the 1ength of shaft subjected to twisting is éalculated 6] as
Data |
Tr=1.258 N-m

18.5mm=18.5x 10°m

[N
w
t

G =79.3 x 10° N/m*
L, = 20d;
Substituting in equation (17).

~ 32 x 123 x 20ds
 mx 793 x109 x d5*
_ 32x123%x20d5
C mx793x10° x (185x107%)°
805.12 :
1577386956
= 0.0005rad

B

= (—— Yrad

= 0.029°

B =003

Sincef} <1°= Ls = 20d3
Ls=20x185mm

Ls = 370mm




3.1.4 SCREW STABILITY
The moment of inertia of the screw section is given in Ref. [6] as :

J = nd;/64] 0.375 + 0.625d/d; ] -=------(18)

Substituting values :

J =1 x (1.85)"/64] 0.375 + 0.625 x 24/18.5 ]

J = (5749.85 x 1.186 ) mm"
S | J = 6818.24 mm’

The radius of gyration of the screw, K, is given in [6] by the equation :

K = VI/A, (19)

K = V6818.24/268.8 mm

K=125365 | o x
K =5.04 mm

[5] gives the equation for slenderness ratioias:

i=CLyK - (20) .._
where C = end condition factor [ C = 1.0 for free rotation and fixed
translation], L and K have their usual meanings.

Substituting
i=1x370/5.04
1= 73.6
From table 1.0, Ref. [5], the allowgble stress reducti;)n factor ¢, 1is
detexmined‘by linear interpolation. For steel grade 40; 30, 20'—
ip=170 ¢, =0.81

iy =73.6 by =7

i3 =80 o3 =0.75




| 'Intefpolating : | | |
| 02 = q;l + (ig -1)/(i3 - 11). % (wa - ¢1)
=0.81+(73.6- 70)/(80 70) x (0. 75 0, 81)
_ 0.81+3.6./10 (-0.06)

=0.81 +(-0.0216)

= 0.1'7884

« ) " L. .
. . . . - ' .

for- screw to be stable, is

‘ Th’e‘maximum allowable safe . stress,  Oma,

, calculate.d in Ref. [5] using the equation

eenieeneo(21)

G@A”‘ ¢2-CAL.’

S_ubstituting - o R
 Gua = 0.7884.x 20475 N/mm’ B

Opp = 161.42 N/mm

7 But c,=2.18 N/mm ( from earlier calculations )
Smce Gu < Oma = SCREW IS STABLE AND WILL NOT BUCKLE
RERY 5 SCREW EFFIC%ENCY ‘
. "l " \ . : . ' . : .
The Ujénémission efﬁeiency of a power screw, 1, is given in Ref. [4] as :
: Torque Requlred To, Move load w1thout fnctlon P
h=(— )= == —2I)
' o o , Torque :
I Faxd:/2 0030 tana +0. . |
s - cosf — Otaner -
7 A - Fa y d2 / oL cos@ tano + pstanal 1 S .
S | cosf - lstanf 7 : 3 ' C :
cos6 tanct / cosh . ;
o cosG tano + s/ cosB — pstanol | .
tana(cosﬂ s tanoc)
cosB tano + Ls g
Butf=15%a=423°1,=0.12 - . E




v B B AR SRR AT AR RS AR

tan4.23(cos15°-0.12tan4.23)

e
01914

= 0.3698

=0.37 “ -

n=37%

3.1.6 CHECKING FOR SELF-LOCKING -

for screw system to self-lock, Ref. [2] gives the following conditions :

(1) o <

(i) 1 < 50%

From calculations, for screw desigﬁed
o= 4.23% o= 6.87% 1 =37% :
Thus :
a < ¢rand n <50%
_, SCREW DESIGNED IS SELF-LOCKING
3.1.7 POWER REQUIREMENT . ' o

The power required, H, is given in Ref. [6] by the equation :

H=Tro (23)
where ' T¢ = torque

o = angular velocity

I3

But  ©=2mn/60
where n = speed (rpm)
maximum speed human strenoth can achicve cranling s .

bER siwAREW VW Wk WRLAMALLE, LD A VAL ALl ANAAL LIJ

as. n = 250 rpm

Since Te=1.1253 Nm



H=3223W
H = (32.23/745.7) hp
H = D043y .
However, Ref. [7] gives the maximum torque applied by a human cranking -
perpendicular to the plane of the crank as 4,52 N-m. Thus, maximum powe_r
supplied by a human being is
H,, =Ty, x 2nn/60
= (4.52 2 % 7 x 250/60) W
= (118.33/745.7) hp
H, =0.16 hp
Since H<H,, mMachihc can be oﬂperatc:‘d manuzﬂly:
3.1.8 NUT DESIGN
Assuming the‘load of the power screw to be unifonjnly distributed over the
nut, the required number of thieads N, on the nut is calculated in [8] usi_n.g the
-equatidn: -
Q = 0.785(d* - d5*)Py N --mmmmmmemmav (24)
where
Q =load movéd
P, = safe bearing pressure (steel/bronze system)

d and d; have their usual meanings.
‘ ‘ Q{u,ﬂ.ﬁoﬂ
NB: All dimensions in,{24) are in imperial units.
But Q=Fy
Fa =585 x 4.45 Ibf

=+ q

I

2603.25 1bf

(=¥

= (24/25.4) inches

=(.945°




=0.728"
Py = 1600 psi

Substituting in (24)
2603.25 =0.785(0.945" - 0.728%) x1600 xN

9134.62 = 1600 x N

N=6 : .

Thus the minimum number of threads in the nut if it is to safely bear the
load of the screw designed in [6].

— minimum Nut length, Ly = N x pitch -

Ly=NxP . @) | |
=6 x 5 mm
Ly =30 mm
For N = 6,
P, = (9134.62/N) psi

= (9134.62/6) psi

»

= 15224 psi

ey

Py’ = 10.5 Mpa

Since P, = 11.0 mpa

=P, < Pb,'thus Nut designed can bear screw safely.

‘NUT HEIGHT

Nth outside diameter, D, is given in [6] by the equation

D, = V4F,/xS, + d° (26)
where | F,=13F4
d=24.0

S, = 34 Mpa (for bronze)




=D, 2 \/[(4 x 1. 3 x 585)/(m x 34 % 10") +(0.024Y Jm

a -

D, 2\[2.848 x 10 +576><10 “Im

3. 1 9 BEARING SELECTION

F01 an ant1-f11ct10n bearing W1th 1nhe1 ent capac1ty to carry h1g,h 1oads (both :

rad1a1 and thrust ) operated at low speeds the deep groove ball bearlng is - most’

_ sultable

’

Based on the dtmensmns of the screw, choose’a bor‘e of ‘]_S,m"rn fot the ‘
'bearing. |
_ "’Bore‘= 15Amtnv
. Fl:om SKF bearing'table 9.58, [2], read
S Bore, dy = 15 mm
~ Outside diatneter, & " 35 mm
‘Beanng, w1dth B=11 mm
. Be'mng mass, Bm 0045 Kg " '
- Type Designation | Numbe1 6202 " v‘ L ' (SERIES 072)‘
| From Ref. [6]; the 1oad ratmg of 02 series bearmg 6202 5.87 KN
bearmg shoulder dnnensmns |
d§= 17.5 mm; ‘dH= 31 mm R

Bearing life, LB is calculated in [2] from the equatlon

L= (Crpy* i —@7)
where - 5 | Ly = life of bearing in mllhons of revolutlon
| C = basic dynamlc load ratmg, (Newton)
L ‘_ S 1oad on beaung, (Newton)
| = exponent (K 3 for ball beanngs)
: Tjhus S - LBH = »100000/6011 x(C/Fd) (28)

Uy T, ]’\pnr T O II'FP m ﬂnerat]nL hOulS




n = speed (revs/min)
But Ly = 300 to 3000 hours for.agricultural and domestic machines, [21.
Taking Ly = 3000

n =250 rpm -

F4=5.85N

K=3

Substituting

3000 = 1000000/60 x 250 (C/5.85)’ .

18 x 25/1o'= (C/5.85) -
(45)"® =C/5.85 "
C=(585x3.56)N
C=2081N
C=2.081 KN

But the maximum load} rating, Cyy, for series 02, type 6202 bearing is :
Cn=5.87

Since C,, > C = Bearing selected is suitable.

D, =2 24.6 mm
For this design, use D, = 40 mm
Net thickness, t, = D, - d/2

= (40 - 24/2) mm

16/2 mm

t, = 8.0 mm




t=

: D,=40mm ;_

Fig 3.7 Nut
3.1.10 HANDLE DESIGN

The stress at the surface of a round solid shaft subjeéted to torsional loading

is calculated in Ref. [6] using the equation :

Tyy = 16T/ndy w=emormeememen=-=(29)
where T,y = torsional stress
d, = shaft diameter

T = turning torque or torsional moment

Tey = 1= 1.01 N/mm?

T =T¢=1257.14 N-mm
Substituting in (29)

1.01 = (16 x 125’8.1'4)/(71 x de)

d.3 = ((16 x 1258.14)/(3714 x 1.01)) mm’

dy=18.51 mm [minimum] -

From table 5.2, [4], select standard shaft diameter closest to and greater



= d, = 20 mm

20 ll‘lR_\q

49 mm 30 mr

150 mm

30 mm

Fig 3.8 Handle. -

Keyway
using a rectangular parallel key. From reference (21),
W

X :

Fig 3.9 Key

If D = shaft diameter

D/4 and T=3/4 W |

But D =24 mm =

=W

W=D/4

= 24/4

W =6 mm

T =3/4W

= 9/2 min




Length of key, L =30 mm
Hand Grip |
From reference (7)

Average length of human palm, L = 6.1"

L, = 154.94 mm

Thus Diameter of hand-grip, Dy 18 given thus :

Dy < Lp
Dy < (154.94/7)

DH <493 mm

Thus use a taper from ¢30 mm at small end to ¢$49.0 mm at the big end.

49,0 mm 30 mm

<’

...

: ' 120 mm
Fig 3.10 Wooden hand grip.

From reference [7], the Jength of the hand grip is givem as ©
Ly<6.0" |
= L £152.4 mm
Use Ly = 100 mm
Using wbod as material.
Central i)olt': Length, L;, = 130 mm

diameter, ¢p = 10 mm

3.1.11 CYLINDER WALL DESIGN

Assuming the cylinder to be thin walled, closed at one end, the allowable

stress is given in [1] as :




where Gy = allowable tensile stress
p = pressure within the cylinder
t = thickness of the cylinder wall

D, = inside diameter of the cylinder

Using D; = 190 mm, and grade 40C8 steel as material, we know that

Gp = OAL

— From (9) : G = 204.75 N/mm’”

P = Ocq
p = 2.77 N/mm’
Substituting into (30) :
204.75 =77 « 190)/2t
t " [(2.77 x 1,96)/(2 x 204.75)j mm
t=1.29 mm, From table o (
Select gage 14 sheet steel of thickness, t, = 1;984 mm
— actual thickness of material used, t, = 1.984 mm
3.1.12 FRAME DESIGN |
First we calculate the total load to be borne by the frame.
(i) Weight of cylinder :
Volume of steel used for cylinder wall, Ve is calculated thus :

Voo = [XDZ4 + TDIL] £y wmrmmeeee==(31)

where L = length of the cylinder

D, and t, carry their usual meanings. .

Taking L = 465 mm

Cealietitiiting 11 (2 1\



Vi = [t x 190°/4 + 1 x 190 « 465] x 1.984 mm’
=1 x 190[190/4 + 465] x 1.984 mm’
= 606930.7 mm’
Vew = 6.07 x 107 m’

Since [st =7790 Kg/m®

— Weight of cylinder, Wew = st x Ve x 8

il

(7790 x 6.07 x 9.81) N

W, = 4638 N

(i) Screw Weight :
Nominal diameter, d = 24 mm
Total length of power screw shaft, L, = 422.5 mm
Shaft volume, Vi, = [1/4(24)’] x 422.5 mm’

191134.5 mm’

1.91 x 10 m?

i

Vs

Vs
fst =7790 Kg/m® o B

weight of sérew shaft, Wy = ‘J st x Ve X g
=7790 x 1.91 x 10* x 9.81 N
W =14.61 N

(iii) Bearing Load :

| | mass of bearing = 0.045 Kg V .

Weight of Bearing, W, = _0.045 x 9.81
W, =044 N

Take weight of bearing and housing, Wy, = 1.0 N

(iv) Supporting Rods and Press Plate Loads ;

-~ Tr * % . o~ 4 .-y T a N RT



‘ ' weight of press plate, W =85N

(v) Handle Weight

Wooden grip weight = Ww

d2

Fig. 3.11 Hand grip.

dy/(hy + ) =dy/hy

49/(h, + 100) = 30/h,
49h, = 30h, + 3000
19, = 3000

hy = 157.9

hy = 157.9 mm

Volume, V., = 1/3a[r,2(h; + hy) - 11°hy]

i

1/31[(24.5)* x 257.9 - (15)* x 157.9]

/3 x 119276.975 mm®

| | =125x 10" m’
TW,=Vux [, xg
Density of Iroko wood, |, =688 Kg/m’
= W, = (1.25 x 10™ x 688 x 9.81) N | .
W, =0.843 N
Weight of bolt, W, = Vi x st x g
Vi = /4 x ¢y x Ly

= /4 x 10° x 130 mm’

P N I = | . 3



- F1g 3.12 Nut | ,
" If'Vbl‘ume'of section shown above, Vi = 1/4(24 —25)2 x 30. -
| Vi =‘1908‘.52 o
Weight, Wi .= (.\/11H < Ist x 98N e '
| | | - : = 1.908 x 10° x 7790 x 9381
Wi = 0.146 N 3
= Vertica‘lallm'_... R o : _
~ Volume, Viy = n‘df'/4 « 150 mm’ |
. “Weig“ht, Wy =[(n x 20?’/4 x 150) x 7790 x'éf.81 x 10j9] N
E | N -v.:'.-_wﬁy=(4.71z <107 x 7790 x 98N
TR e | 236N e |
. "~ Total Handle _we‘ight,«' Wﬂ,f: Ww +'Wb + WHH +,Wﬂv
| | FUR R 0.843 + (-)‘.73'+ (3...‘146 +36 |
. Z5369N B : | ;
. r i . Wh'-fSAN o :
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For I?llet :

Fig 3.13 Inlet chute.

it T

150 mm
Volume of inlet, V;=[150 x 100 x 5 x t;

The inlet includes the inlet cover.
T, = thickness of sheet used

= t;= 1.984 mm

I

= t; = 1.984 mm
. = V= (150 x 100) x 5 x1.984 mm’
V= 1.;1.88 % 10 m’ -’
Weight of inlet, W; = Vix [st xg -
= (1,488 x 107 x 7790 x 9.81) N
W= 114N

For Discharge Unit

Weight of discharge = W,
170 mm // 150 mm
— '

120 mm

Fig 3.14 Outlet.

4'()111%‘ <450 mm




Volume of outlet, Vo=As %t
={[(170 +‘50) 1 (150 +40)] x 120} x 1.984 mm’
— [( 220 + 190) x 120] % 1.984
=97612.8 mm3

v, =9.76 x 10° mm’

3

Weight, W, = Vo % fst xg

=(9.76 x 10° x 7700 x 9.81) N

I

7.46 N

Weight of outlet and Discharge units, Wio 18 :
Wio= Wit Wo ,
= 11.4+746 R ‘
Wy, =18.9N
(vii) Total vertical load on framé, Woy is given by
Wiy =Wy + Wi + War + W+ Wiy + Wy

54+189+4638+14.61+1.0+85

i

= 54+ 189+464+ 14.6+95
W«w =948 N
Total horizontal load on frame, Wy is :
Win = Fq
=585 N
Total load on frame, Wy is thus :
W= Wy + Wry
_sgseo48

=679.8 N

We =680 N



N,

30 mm

Fig 3.14 Frame.

L/

for axially and laterally loaded frame, reference [9] gives the condition for

design as :

£/pe + Foo/Phe < 1 : (32)
f, = actual direct axial stress
f,,, = actual direct bearing stress

Poe = allowable bending stress

p. = allowable axial stress.

But fi,, = M/Z

(33) .
M = moment

Z = sectional modulus

Fig 3.15 Leg.

v
4‘:
>

300 mm

M = Fy4 x 300

=585 x 300 Nmm




From table 3.2, reference [2], select angle bar standard ISA 35 x 35. Thus,

read ing from table :

thickness, t, = 4.0 mm
sectional Modulus, Z = 1.2 o’

Cross sectional Area, Ax = 2.66 x 10° mm*

Thus, substituting in (33), we have :

il

£, = (177500/(1.2 x 10°) N/mm?

i

£, = 146.25 N/mm’.

£ = Vertical LoadoneachLeg(pv) (34)

Area of Frame (As)

1l

P, (6-80/4) N (NB. There are four legs)

| P,=170N

Substituting in (34)

f, = PJ/Ax

= (170/2.66 x 10%) N/mm’

i

f, = 0.639 N/mm’ , o

pe=0.6 x oy 1 (35)
Oy = 455 N/mmj ( for steel )
= o= 0.6 % 455 N/mm?
pe = 273 N/mm’
Pbe = 165 N/mm‘2
Substituting in equation (32) ( left hand side ) :
vfc/pc + fe/Poc = 0.639/273 + 146.25/165

i=0.002341 + 0.8864

fc/pc + bepbc =0.889



fc/Pc + fbc/pbc <1
Since 0.889 <1
= Design is okay.

Thus, use ISA 35 x 35 angle bar for the frame.




CHAPTER FOUR.
TESTING.

4.1 PROCEDURE

f test to determine the filtration rate of the machine was done first. Here,
the machine was operated for 15, then 45 seconds and the volume of filrate
collected at the end of each of these periods was recorded in a table.

A test was run to compare the performance of the machine with the
traditional manual ﬁlu'at'ion‘techr'lique'. Here, the machine was ‘_operated fdr a given
time (20 seconds) and the volume of filtrate collecfed recorded. Then,’ﬁltratioh‘
was done manually also for 20 seconds aind the voluwe of iic fiuate 4iso
recorded. These tesults were used to compare the performance of the machine with
the manual technique.

Thirdly, a test was done to determine the efficiency of the Iﬁachine. ’Here,
the moisture content of the soybean was determined first. The soybéan mash was
then pressed without addition of water. The mass of filtrate collected wals‘
recorded. This was repeated with three samples and the average of these l‘ead;ngs
taken. The efficiency was thus calculated as the ratio of the filtrate to the mass of.
‘water initially in the ash.

Finally, a test was carried out to detelmiﬁe the effect of decrease in
concentration of mash on the filtration rate. Here, the mash was mixed with water
 in different proportions and the vqlp:me of filtrate collected over a given time was

recorded. These results were then plotted on a graph.




4,2 RESULTS.
4.2.0 Test One: Concentration 1:1.

Table 4.0 Results of test to determine filtration rate. .

Time, t (seconds) Volume of filtrate, V (m’)
15 - 100 x 107
| 15 — - 90 x 10
15 o 80 x 10°
) 45 125 x 10
45 ' - 135x10°
45 - 130 x 10°® o

For time of 15 seconds,

. 7100 + 00 + 2m :
Vi =k ) x 10° m’
3

V1 =270/3 x 10° m® :
V=90 x 10° m®

For time of 45 seconds, the average volume of filtrate is :

V2 =130 x 10° m*
From equation (1) :
V2 +2VC =Kt
Given .t =15s t, = 45s
Vi=90x10°m’ V,=130x 10°m’
Substituting into (1) :

(90 x 10°)* +2 x 90 x 10 x C=K x 15 =ermemmemmni(a)




R L A e

5 x (8) :3.6 x 107 +0.0081C = 675K ©
15 x (b) : 2.53 x 107 + 0,0039C = 675K )
(€)-(d): 1.11 x 107 + 0.0042C = 0

0.0042C = -1.11 x 107

C=-2.643 x 10° m*m
PutCin (d): -

2.53 x 107-1.03 x 107 = 675K

1.49 x 107 = 675K

K=222x 10" m%m? g

The rate of filtration is calculated from equation (2) as, Rate -

dv/dt = K/2(V + C)

Using V =V, and substituting for C and K :

dv/dt=2.22 x 10™92(90 x 10" - 2.643 « 10%)
dvidt=[(2.22 x 10712714 x 10°Y] m¥s

= 1.746 x 10° m/s

= 6.286 x 107 m*/hr

dv/dt = 6.286 1/hr

4.2.1 TEST TWO:COMPARISON OF HAND TO MACHINE FILTRATION

A 400ml cup of soybean mash was prefssed manually, then with the

machine foi‘ 20 seconds and the volume of filtrate collectéd recorded. =
Manual ) Machine
\%! ‘. ‘ 19 ml 26 ml

V. 21 ml ‘ ' 24 ml




For manual filtration, averége volume of filtration collected in 20 seconds
was :
Vi =((19 + 21 + 193) ml
Viay = 18.3 ml
For filtration using the filter press, the average volume of filtrate collected

in 20 seconds was :

Il

Vo {26+ 24 + 258) i
Vipay = 25 ml
4.2.2 TEST THREE : Machine Production 'Efﬁ‘ciéncy
Results
Mass of cup, m; =81.05g
Mass of beaker, m, =180 g
Mass of ( cup + mash ), m; =365 g
Mass of ( beaker + filtrate ), m, = 285 g
Mass of mash, m, =m; - m,
my, = 283.95 g
Mass of filtrate collected, m;= my -~ m,
my =285 - 180
my=105g
Mass of ( cup + soaked grains ), ms = 102.8 g
Mass of ( cup + oven dried grains ), mg =89.6 g
Mass of water in grains, m,, = ms - mg
m,=13.6g
Initial mass of wet grains, m; = ms - m,
| m; = 21;75 g

Moisture content of erains. w = m../m: x 100




w = 13.2/21.75 x 100
w = 60.7%

Mass of water in mash before filtration, m; is thus :
my =W X My,
= (0.67=07 x 283.95) g
m; = 17236 g

Machine production efficiency, n, is given by :

np = Liquid output/liquid input x 100
=mym; x 100
=105/172.36 x 100
Np = 60.9%
| Mass of ﬁltrate’collected by manual filtration, m’; was

my=88g

Efficiency of manual pressing, Mg 1

Mmp = M’ ¢my x 100

Nump = 88/172.36 x 100
= Nmp = 51.06%
4.2.3 TEST FOUR : Effect Of Concentration On Timé Of Filtration And
Volume Of Filtrate
For each 400ml cup Qf soybean mash the corresponding volume of water

‘was added; The mash was mixed with water and placed in the filter bag. The

loaded bag was then placed in the machine, and the time taken to filter out the
maximum possible fluid from the mixture, and the volume of ﬁltrate collected

were recorded as shown in table below..




TABLE 4.1: RESULTS OF TEST OF EFFECT OF CONCENTRATION ON

TIME AND VOLUME OF FILTRATE.

Concentration Volume of Time taken,
Soybean mash :water filtrate (ml) t(secondsv)

1:0.5 265 120

1:1 450 129

1:15 680 100

1:2 890 80

1:25 1050 67

1:3 1260 55




3 DISCUSSION OF RESULTS

4
e throughput of the

of filtration gave th

o determine the rate
e water, as 6.286 1/hr. This

The test t

machine, at a concentration of one soybean mash to on
value is low because of the concentration of the mixture used. Tt will be higher if
 the recommended concentration of one to six [Reference 1 1] is used.

The test to compare hand with machine filtration gave the volume of filtrate

collected after 20 seconds from hand pressing as Vo = 183 ml and from
~machine pressing as Vipav = 25 ml. Thus, the output per unii ﬁi‘uc is higher for the
machine, than pressing with hand. It is thus more economical to use the machine.
ency gave us the efficiency |

While the test to determine the production effic

of manual filtration as 51.06% and ~of machine filtration as 60.9%. Thus, the

when the machine designed is used compared to

filtration process is more efficient

using the hands.

The final test results shows that as the proportion of water added to the

mash increases,

1. The time of filtration decreases. That is to say filtration is faster, thus the

filtration is higher.

2. The volume of filtrate collected increases. Thus the quantity of milk obtained is

~greater.

It is therefore advisable to add water to the mash in a proportion of 1:6

t filtration on a given mash at least twice before

[Reference 11] and carry ou

. discarding the cake. This will give a higher output of the required quantity.

4.4 DESIGN LIMITATIONS

The major limitation of this design was finance, thus its small size, as the

cost of the machine depended on the quantity of material used. Due to the high




cost of stainless steel, aluminium paint was used to coat the mild steel used.

However, stainless steel is the best material for this design.
Also, due to the fact that the power screw 1s 1Ot static ( moves

Jongitudinally ), and that a heavier weight increases the power requirement for
operating the machine, the power screw-press plate assembly could not balance

easily.




CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
5.0 CONCLUSION |
From the design and test carriéd out it was observed that,

i) The soymilk filter press is portable, aesthetically attractive and simple to
operate.

ii) The machine is easy 10 disassemble as most joints in it were bolted and not
welded‘. It is easy to maintain.

iii) The efﬁciency of the machine to filter soybean milk was higher compared to
filtering with hands. .

iv) The quality of milk obtained using the machine can bé guaranteed.

v) The power requirement for operating the machine is quite low (0.043 hp), and
thus imposes very little fatigue on the operator.

vi) The cost of the machine is low (mateﬁal ‘cost of W 4385.0) It is thus
economically available to the rural dwellers. |

5.1 RECOMMENDATIONS

Having tested the machine and observed some problems in operation, 1 will

recommend that, |

i) The framé of the machine be slanted. This will pfevent loss of milk through the-
open end of the cylinder.

i) Thé outlet should be welded to the sealed edge of the drum and holes drilled to
that end to prevent accumulation of milk within the drum. |

iii) An additional iron sheet should be used to bolt the cylinder to the frame, as the

open end tends to lift during pressing.



iv) The clearance between the press plate and the drum should be minimal, as low

as 1 mm, so as to prevent the bag from being trapped between the cylinder and

 the plate edges.
v) The muslin cloth should _bé sown double to prevent damage during operation.

Also the mouth should be firmly tied.

* vi) The pressing compartment should be made larger and cbmpletely sealed, or the

inlet chute should be at thg second end of the cylinder, away from the outlet

chute.
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