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ABSTRACT

This work designs and produces a portable palm fruit digester which is
effective, efficient, affordable and can be transported from one place to
another. The aim of the mobile palm fruit digester isto alleviate the problem
of transporting harvested palm fruits from source to point of digestion which
in most cases cost a fortune. Fresh palm fruits were bought from the market;
these fruits are boiled and allowed to cool. The samples are weighed and
then feed into the machine; the time for digestion is recorded. The digester
mass are then poured on a basin, and the undigested with the partially
digested fruits are selected and weighed. The machine is found to have an
average digestion capacity of 1090.47kg/hr and average digestion efficiency
of 89.82%.The machine is fabricated from locally sourced material and this
makes it affordable to many oil palm farmers.
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INTRODUCTION

Theneed for improvement in fabricated machinesto enhance processing of food crops
inthefield of Engineering brought about the design and construction of the vertical
mobile palmfruit digester. Theoil pamtreeisatropical plant commonly foundin
warm climatesat atitudes of lessthan 1600 feet above sealevel (Hartley, 1998). Itis
one of themost economic treesintheworldtoday asvirtually every part of thetreeis
of economicimportanceto man (Hartley, 1998). Thetree producesoneof theedible
oil for cooking known aspamoil (Asoiro and Udo, 2013). Red pam ail, whichisthe
most important product of the oil palm, isalso used for soap and tablefats such as
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margarine and for the production of cosmetics, it isaraw material in pharmaceutical
industriesfor the manufacture of drugs (Asoiro and Udo, 2013). The meal obtained
after oil extraction from the palm kernel nut isused asanimal feed (Asoiro and Udo,
2013). Highqudity pam oil isneeded for domestic and industria applications(Asoiro
and Udo, 2013). Thepamail fruitsare drupe prolate and spheroid in shape and the
length which varies between 25 —55mm and having adiameter of 25mm (Hartley,
1998). Thisconsistsof athin outer exo-carp and meso-carp fromwhich palmail is
extracted (FAO, 2002). Theripen fruit isreddish-orangein colour except for thetop
which may be dark brown based on their rel ative thickness, they can be classified as
either “Durd’ or “Pisifera’ (FAO, 2002).

Withtheusesof palm oil being over emphasized, it isnecessary to makepam
oil availablefor both domestic andindustrid uses. Thiscan only beachieved by digestion,
whichistheprocessof releasing thepalmail inthefruit through therupture or bresking
down of the oil —bearing cells (Agbonkhese, Omoikholo and Okojie, 2018). It has
been proved that thekey processintheoil palm production processisdigestion (fruit
pulping) (Asoiroand Udo, 2013). Thisistrueinthesensethat, itisonly whenthefruits
have been thoroughly pul ped that the various oil palm productslike edibleoil, soap,
confectioneriese..c. can bederived (Asoiro and Udo, 2013).

Many methods have been applied for thedigestion of palmfruit ranging from
manual to mechanized methods, but most of these methods arefixed permanently and
cannot be moved from one | ocation to another which isagreat disadvantage. The
main objective of thiswork isto produceaportable digester which ismobileefficient
and can betransported from one placeto another.

MATERIALSAND METHOD
The materialsused for the fabrication of the mobile digester weremainly mild stedl.
Thedesign wastargeted toward low cost construction, high digestion efficiency and
meansof mobility. Thevariousparts of themachinewere produced using fabrication,
assembly and machining processes.

Components of The Vertical Mobile Palm Fruit Digester

I. Hopper: Theboiled pam fruitsareintroduced into the machinethrough the

hopper.

. Cylindrical Casing (Digestion chamber): Thisiswheredigestion of thepalm
fruitstakesplace.
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il Bevdl Gear: Therotating vertica shaft isattached tothe Bevel gear, thefunction
of theBevel gear isto convert horizontal motion to vertical motion.
(VA Shaft: Theshaftisvertically positioned and theHammers (begters) arewelded

toit.

V. Hammers: The Hammersare attached to the vertical shaft to act ashitters.
Thehammersprovidethe sizereduction effect on the palmfruit.

Vi. Frame: Anglebarswereuseto maketheframe. Theframeprovidesrigid and

skeletal support for the entire machine. Apart fromthefar corner support of
themain framework, thereishandling at oneend and designto accommodate
tyresfor easy movement.

Vil. Discharge: Thisismainly constructed from 3mm thinmild stedl plate. These
digested mashes areremoved from the machinethrough the discharge.

Mode of Operation of the Machine

A 5H.PInterna Combustion (1.C) enginewasused asthe primemover for thepalm
fruit digester, aV —bet wasused to transfer motion fromthel.C engineto pinion shaft
of the bevel gear with the help of the bevel gear arrangement, horizontal motionwas
converted to vertical motion. Thehammers (bittersarms) arewelded to the vertical
shaft. The hammersundertakethe digestion process. Thedigester isset into operation
by the help of thel.C engine, it isthen allowed to run for some seconds, boiled palm
fruitsarefedinto the digester through the hopper, asthefruitscomein contact with the
hammers (bitter arms) insidethe digester, thefruit are pounded thereby rupturing the
oil bearing cellsinthefruits(i.ethemexocarp). Thedigester fruitsnow formapulp and
thedigested massare collected from the discharge.

Determination of The Crushing Force

Todeterminetheforce necessary to digest, an experiment was carried out with cooked
palmfruits. Thistest was carried out to determinetheforce at which the meso-carp
will fail when known massesare dropped from given heights. From the experiment,
theaverageforce of failurewas determined to be 144.9N, with afactor of safety of
1.5. Thiscrushing forceisequivaent to the centrifuga forceF. acting at thehammers
(bitters) of thedigester aid given as(Khurmi and Gupta, 2008)

Fo=mlPT Q)
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Where
F. = centrifugal force (N) = 144.9(N)
m = Massof blade (kg) = 0.8kg
u=Angular speedinrad/secs?
r = Length of blade (m) 0.17m

Actual Power Selection

Torquetransmitted per digester hammer isgivenasT =F.Xr............. 2
Where,

T, = Torquetransmitted per digester hammer (Nm)
Fromeq (2) T,, wascalculated as 24.64 Nm.
Total torquetransmitted=T=nxT,, e (3)
Where,

n=number of hammers=4, T = Total torquetransmitted by hammers.
Subgtituting valuesinto equal (3), wehave T =98.53Nm

Power Required of The Digester

The power required of thedigester isgivenas
P,=TW e (D)

Where P, = power required of the digester.

Substituting into equal (4) P, was calculated as 3216 W whichisequal to4.311 hp.

Pulley Selection

Pulley and belt arrangement isused to transmit power from driving shaft tothedriven
shaft (Agbonkhese, Omoikhol o and Okojie, 2018).

Torqueof electric motor (driving shaft) can be obtained as
Motor power (P )=T W_ PP (o)
Where,

P_=motor power (W),

T_=motor torqueand

W _ =angular speed of motor.
Motor torque T = z—"‘ .............................. (6)

™

A 5h.p eectric motor was selected, speed 1200 rev/min.
Motor power P_=5h.p = 3730 watts.
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Angular velocity ,  can be deduced using motor rating as, N = 12001 pm.
W, =% = 12568 rad/s
Motor torque (T ) = 29.68Nm.

To prevent abelt drive due to loading from compl ete shipping, the motor
pulley diameter D, isgivenas

D,=57(T )", P
Where

D, =diameter of motor pulley (mm)

D, wascalculated to be 176mm.

Also, thediameter of thedriven pulley was cal culated from

0V
D, =D, % (1=0) (Hall, Holowenko and Laughlin 2002)..... (8

2
Where, D, = diameter of driven pulley (mm),
u,, =Angular speed of motor shaft (rad/sec)
u,=Angular speed of driven shaft (rad/sec),
a=dipping co—efficient=0.02
Assuming avelocity ratio of 2.0 in order to reduce the speed of 1200 rpm from the
3730 wattsinto driven shaft we have.

D‘Jl —
——20

Therefore D, = 344mm
Design for Belt
Determination of belttension T, T, involvesthetransmission of required power by a

given belt. The power transmitted by abelt driveisafunction of thebelt tensionand
belt speed. Thisisgivenas

P=(T,~T)V e (10)
WhereT, and T, arethe belt tensionson thetight side and slack side respectively, V
= belt speed (M/s)

Also

e (12)

Where 1= co—€fficient of friction between pulley and belt = 0.3 (for rubberized
belt),  =angleof wrap (contact) of belt on pulley.
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Determination of Angle of Wrap

Angleof wrapfor av —beltisdetermined by

.............................. (12)
8, :1800+2[3=180°+29n—1(R_rj (13)
Go | e
.o (R-=r
S'”B—(Ej ................................ (19

Determination of center distance (CS)

The center distancefor aV-belt isobtained as
C,=055(D,+D)+T, s (15)
Where T =thicknessof belt. For thisdesign C_ wastaken to be 300mm.

Determination of belt length (L))

For aV-belt, thelength of belt between motor pulley and driven pulley in determined
as

D,-D
L, :2C+1.57(D1+D2)+(14—Czj e (16)

WhereL, = Length of belt.
Length of belt was calcul ated to be 1439.92mm velocity of belt is obtained from
— T.D0,N,
60

Where

V =velocity of belt m/s

N, = speed motor (rev/mm),

V was calculated as11.05m/s
Inputting valuesinto equation (14), wehave

B=16.26°
inputting valuesinto equations (12) and (13) respectively we have
8, =Angleof wrap for driving pulley = 147.48° = 2.58 rad.

Vv e (17)
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e

=Angleof wrap for driven pulley = 212.52°=3.72 rad.
Theload carrying capacity of apair of pulley isdetermined by the smaller value of
vaueof (Agbonkhese, Omoikholo and Okojie, 2018).

Subgtituting valuesinto equation g, wehave
For drivenpulley gt = €%8x03=216

Fordrivingpulley gt =€*72x03=3,05
From above, it showsthat the driven pulley governsthedesign.
Notefrom equation (11)

Tl -
T——2-16 . (18)

2
T,=216T,
Substituting valuesinto equation (10), wehave T, =291 N and T, = 628.56N.

Design for Shaft

A shaftistherotating machine e ement which transmits power from onemember tothe
other (Nwaigwe, Nzediegwu and Ugwuoke, 2012). Solid shaft waschosenfor this
designto satisfy the strength and rigidity requirement. The shaft for thedigester is
subjected to twisting moment only. For ashaft subjected to twisting moment only, the
diameter of the shaft iscalculated as.

T
M. =—Lx xd?3
t 16 Zmax ...................... (19)

Where
M, = twisting moment (Nm)
¢ =torsional shear stress(N/m)?,
d=Diameter of shaft(m)

BuM =(T,-T)R (20)
Subgtituting va uesinto equa (20)
Take =40 MN/m?

max

Substituting valuesinto equation (19), we have diameter of shaft (d) = 15.58mmusing
afactor of safety of 3wehave 15.58 x 3 =46.74mm
Diameter of shaft =47mm
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Gear Selection

A bevel gear was selected for thisdesign. Thebevel gearsare used for transmitting
power at aconstant velocity ratio between two shaft whose axisintersect at acertain
angle (Khurmi and Gupta, 2008).

Deter mination of the Number of Teeth on Pinion and Gear

Whentwo gearsareinmesh, thesmaller gear iscdled thepinionandthelarger gear is
called gear.
Thenumber of teeth onthepinionisgivenas

(Khurmi and Gupta, 2008) e (21)

D
And the number of teeth onthegear isgivenas T = ?G ............... (22)

Where
Tp =number of teeth on pinion,
T, =number of teeth on gear
D, = pitch diameter of the gear,
Dp = pitch diameter of thepinion
m=module (mm)
Mitretypeof bevel gear wasused for thisdesign wherethe shaft angleis 90°.

Deter mination of Induced Bending Stressesin Bevel Gears

Determination of theinduced bending stressesin bevel gearscomesfromtheAmerican
Gear manufacturesassociation (AGMA) andisgivenas

Pl
o=W, F7 (Shigleyandmischke, 2001) ..o (23)

Where

o = max bending stresstooth,

W, =Transmitted tangentia load,

J= Geometry factor [obtained from chart based on the number of teeth
ongear and pinion]

F =facewidth (length of onetooth)mm
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Deter mination of ForceActingAt the M ean Radius (Pitch Radius)

Toget thetangential force (W) acting at the pitch circle, wedividethetorqueon the
gear by thepitchradiusas:

T
W, = R_ (Shigley and mischke, 2001) ..........ccooovvniiiiinnns (24)

Where
T =torque on gear,
R _=meanradius(pitchradius).

Deter mination of Velocity Ratio (Transmission Ratio)

Velocity ratiofor bevel gearisgivenas:

V[R:&:T_G:& .
D T, ) (Khurmi and Gupta, 2008) .............(25)

p
Where
N, = gpeed of pinion (rev/min),
N, = speed of gear (rev/min),
V.R=vedocity ratio.
For thisdesign, thevelocity ratiois 1.

Deter mination of thePitch Angle (ConeAnglefor Bevel Gears)

Thepitch anglefor bevel gear can be determined from

D T
6p :tan_1|:i:|:tan"1 P l=tanY 2 |=tan™ & (26)
According to Khurmi and Gupta (2008),
N
5, =tan*[VR] =tan?| 26 | =tan?| 1o |=tant| @
DG Tp NG .................

Where d,=pitchanglefor pinion, ; = pitchanglefor gear.

For thisdesign, T = 29, T =29, 0,=45°, §,=45,V.R=1
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PerformanceEvaluation

Fresh pam fruitswere bought from the market. Thesefruitswere boiled and allowed
to cool. Thesampleswerewe ghed and then fedinto themachine. Thetimefor digestion
was recorded. The digested mass was then poured on abasin, and the undigested
withthe partially digested fruits selected and weighed. Thistest wascarried out five
times, the performance of thedigester waseva uated by determining therateof digestion
D (kg/hr) and efficiency of digestion ¢, (%) (Asoiro and Udo, 2013) as:

........................................... (28)
W
Andng =—+100 ettt e e (29
e =y (29)

Where

n4 = efficiency of digestion (%),

W =initid weight of pamfruit fedinto machine(kg),

W,=Wel ght_of dl_gested fruit(kg)

D, =rateof digestion (kg/hr) and

T, =digestiontime (mm). Theresultistabulated bel ow.
Table 1. Determination of digestion capacity and efficiency
Initial Weight | Weight of Average Average Digestion Digestion
Weight of undigested/ | digestion | digestion | capacity efficiency
of palm digested | partially time time Dd nd (%)
fruit(kg) fruit digested (Td) (Td)(hr) (kg/hr)
(W) (Wd) fruit (Wp) (min)

(kg)

5 4.22 0.78 3.6 0.06 83.33 84.4
10 9.02 0.98 4.2 0.07 142.86 90.2
15 13.97 1.03 8.4 0.14 107.14 93.1
20 17.89 2.11 11.6 0.19 105.3 89.5
25 22.97 2.03 13.8 0.23 108.7 91.9

Source: Experimentation (2018)

Fromtheperformanceresultsshownintablel, it can beobserved that digestion
timeincreasewith increasein massof thepamfruit. But for the case of thedigestion
capacity and digestion efficiency, increasein mass can either lead to anincrease or
decreasein digestion capacity and efficiency respectively. Theaveragedigestion capacity
wasfound to be 109.42kg/hr and average digestion efficiency wasfound to be 89.82%.
Thismeansthat the machine can digest an average of 109.42kg of pamfruitsin one
hour.
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CONCLUSION

A mobile pam fruit digestion was designed, fabricated and tested to determineits
performance. The machine was found to have an average digestion capacity of
109.47kg/hr and average digestion efficiency of 89.82%. Thisshowsthat themachine
wasefficient in digestion of palm fruit. The machineissimpleto operate, compact,
easy to maintain and being mobile, it can betransported to any location for digestion.
Themachine cost N50,000 to produce; thismakesit affordableto oil palm farmers.
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